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18.2 Generators, Operation 

13.1 Aif Compressors, Types 
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RECOMMENDATIONS FOR USING TRAJNI.NG MODULES *' . - ^ 

The following pages list modules and their corresponding numbers for thi 
particular 'apprenticeship trade. As related training classroom hours' 
vary for., different reasons throughout the state, we recommend that 
the*individual apprenticeship committees divide the total packets to 
fit%ie1r individual class schedules. *, 

There are over 1 30 modules available. Apprentices can' complete the 
whole set by -the' end of their indentured apprentices-hips. Some 
apprentices may already have knowledge anef skills that are covered . 
in particular modules. In those cases /perhaps credit could be 
granted for those subjects, allowing, apprentcies" to advance to the 
remaining modules. ' 

* «. 

* ■ ■!' 

We suggest the the apprenticeship instructors assign the modules in 
numerical order to make this learning tool most effective. 
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SUPPLEMENTARY INFORMATION 

s 

ON CASSETTE TAPES ' 



Tape 1: Fire Tube Boilers - Water Tube Boilers 

and Boiler Manholes and Safety Precautions 



Tape 2: Boiler Fittiitjs, Val\)es, Injectors, 
Pumps and Steam Traps 



Tape*3: Combustion, Boiler Care and Heat Transfer 



^ and Feed Water Types 



Tape 4: Boilejp Safety and Steam Turbines 



S * . . 

NOTE: Thq above cassette tapes are intended as additional 

reference material for the respective modules, as 

> indicated, and not designated as a/required assignment* 
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Modules 18.1, 19.1', and 20 • 1 have been oral ttecl because they contain' 
dated materials. % . v 
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PUMPS — TYPES AND CLASSIFICATIONS 



"Goal: 



The apprentice will be able to 
describe types and classifications 
♦of centrifugal pumps* 



Performance Indicators: 



1. Classify pumps according to 
their method of operation. 

- Centrifugal 

- Rotary 

- Reciprocating 

t 

2. Describe types of pumps in 
each 4 major class. ^ 
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* Read the goal and performance indicators for this package. * tf '''V' ? ' ■V 1 '-^ •■•* # : ^ / 

* Read the vocabulary shetet to become acquainted, with the trade termsf ^Ha^* \i If ill ^ .'f'^v - *' 



1 be introduced in tfyis package* ' 

* Study the introduction and information sheets for technical inforjnatiofc**^ 

* Complete the ^ob sheet. 



<« -v 



the del f -assessment sheet and check your answer^ • wtthV'JHitf % ansv/er * 
* Complete the post-assessment and ask the instructor to check yUur arisv0rs,. . \; ^ 



* Complete 
sheet. 
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» * t A^xlal ^ptf pump . 
I.*'* ; ; Axial^:l^pj.itr tasiing > m. A- 

•v'.« \* ;> Casing '.", J i !.A , i i - -V v.; • • .. yt-. J.;; •=... 
:; ! ^-: ; Ce)tftrif ugaL flaw';;: ' "* ; , ,] :-" 
.;•,,,'* ; Certyrlffugal force ' '.' 

';: /'•^*pW^jp9'. i puop" * .''!'. ? ." •; , 
• ' 'Direct driven Simplex pump. , ' „. '" 
. '.••••' ••7;*:,. Diffuse ' : ' ' ;i V i,? Y;' A. ,M - A; i-;vV.*'S v . 
'". '.„ v *; i >i'p6.utt4 l e^ acting. .putap ? , • • '.' ''iA 
'-" ' ' ;.l 'V* boubjje^uct'ib.n > iti'let ' 'purap ' ''' 

* Ho r i zon rail y. Split? 'casing 



'< A • 
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v, , *. Mixqd f ljpw pump ' : , 
•■^Li-.f - - .Multistage pump ' 
■f. // , ^P^* : - l .Pt)wer; ,dr.iyeh 'pum^ ■ yy 1 4 



; . ,;\ ■ '■■] , ;-.*' , \: Radially ..split casing ]^r; 
:\. ■ ; i:,V * ('Reciprocating ■'pump f ' ; 
5 ii* .;;- : ^egene:rative punp\r- 



bcrfiw, ;punp. ( 



7"' 



■*j Single acting pump' 

* : 'Single suction inlet pump 

^* Single stage pump ' 

* Sliding vane pump 

* * Spur, gear pump , / 

*' Vertical shaft pump 
Vertically split casing 

' "* 'Volute pump m ■n t . ,, ';s 
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M* are used to move fluids ^rom one place to an ot her..- ^J^Tot ileZlef, 
pumps in industrial settings. Those' uses include the movement of f eedwate. , 
fuel! cooling water, chemicals and condensate, within the powers plant. + 

Pumps are classified into major clasW according to t^.*^ 

Each of the major classes is subdivided into types according to their design or 

.application. 

s tar as*** sr»?~ 

power plant equipment. . •'• . \ ' .• •> f . 



: / 
/ 



~:'.f*. 






,, • in order, to .describe pumps, we must first classify then into, groups , 
.., characteristics. *A11 pup.ps" can be •.classified into three groups accordufc to 

' ' the'ir method of operation? v. . <\ 

..," 1 V •• • ••M- ' 
'<' *, 1. * Centrifugal 

• t . *■ •' / 2. Rotary * . >v ' 

V 3. ^ Reciprocating • ; '> , , 
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Centrifugal 'Puaos,, 



A centrifugal punp has an iapeller that rotates inside a casing. The rotation 
• of the Leller causes the liquid to *ove to the outside- because of 
\ centrifugal force . As the liquid aoves* to the outside, it is forced through the 
punp discharge . , . | ' ' j . « 

Impeller ^ 




Tyges of Centrifugal ?un?s 

Centrifugal, pumps nay be further classified according to: 

1. 

1. Type of flow ~* centrifugal, axial, rnixed flow br regenerative. 
~2. Uuraber of stages — single or multistage. 
3. Type of casing ~ horizontal or vertical split. 
U. Position of shaft ~ horizontal, vertical, submerged. 

5. Suction — single or double 

6. Application — ^enaral purpose, boiler feeo pump, condensate pump, 
circulating pump. 
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Types of Flow 



• A centrifugal flow is one that piills the liquid into the eye of the impeller and 1 
discharges it from the outer rik of the^inpeller blades. The /.ncreasec} pressure 
forces the fluid into a discharge tube. > A" vqlute centrifugal pump consists of 1 
an impeller made up of vanes that rotates inside a""*volute casing. Volute means 
that, the .casing increases in .cross-section as it nears. the discharge area. 
diffuser centrifugal, pump is designed with vanes or diff users between 
impeller rim and the' casing. The diff users convert the high 
into pressure energy as it passes through the diffuser yanes 



k 

the 

velocity liquid 
An axial flow 



uses impellers to provide lifting action on the liquid. The puog-^is arranged 
vertically ' and the impellers J.if t the" liquid upward to the discharge tube. A 
mixed flow combines features of volute and diffuser centrifugal flow with axial 
flow. The pressure is developed by centrifugal, force and axial lift of impeller 
vanes. A regenerative pump uses an impeller with a double row of vanes in its 
rim. Liquid enters the outer rim and is rotated almost a. complete circle before 
being discharged from the outer rim. The regenerative pump is commonly called a 
turhine regenerative pump . The following diagrams show the features of each 
type of flow. • * < .* ■/ 

Impeller - % i_ ' 
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Impeller 



Volute 
Casing 






Zhmft 
ttttvt 

Shot*- 



i^. . ImpvlU-r 



Mjihtn.iM DllliiWt.X jnr* 



My 

runnfr 



J 



1 



V 




fwhrnt t\"»P Imptlf 



ERIC 



22 



QEST COPY AVAILABLE 



I * 8 



INSTRUCTIONAL LEARNING SYSTEMS 



Information 





9 

ERIC 



Uunber of Stages t ' ' . ■. 

A pump with a Single impeller is called a single stage punp . When two or nore 
impellers, are operated' in a series to give higher discharge pressures, it 
becomes a aulti-stage pump . ■ ' * 

Type of Casing 9 % 

Pump casings are assembled in two sections so that the pump may be taken apart 
for inspection and reoair. If the casing is divided along a horizontal pla|e it 
is a horizontally or axiallv split casing . '/hen the casing divides alons 
vertical lines it is called a vertically or radially s olit casing. w< Tie 
following p icture s show the casing types. .' Discharge 




Position of Shaft 




Suction 



Pumps are sometimes classified according to the position of the pump shaft, 
the shaft operates on a horizontal plane, it is called a horizonta l shaft puM£ 
On a vertical shaft pump the shaft lies in a vertical position. - 



If 




Water piston 



Water cylinder 
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Suction 

Water enters the impeller through the e^e of the impeller. If water enters from 
only one side, it is a single suction inlet pump . One designed to allow water 
to enter the eye o.f the speller from both sides is a double inlet pump . 




Rotary Pumps 




\ 



Notary pumps are positive displacement pumos . Positive displacement jeans that 
'the pump will displace a given amount of fluid at any given time. Rotary pumps 
trap the liquid and push it toward the discharge. The major types of rotary 
pumps are: ' ' „ 



1 . Spur gear pumps 

2. *VLobe pumps 

3. Sliding vane pumps 

4. Screw pumps 

Spur Geajg>Pvunps 

The spu#.«i': gear pump consists of two gears that mesh together inside a housing. 
One gearkl-s a driver and the other is an idler. The gears rotate and trap* the 
liquid . Mtween the gear teeth. Liquids a"re carried in the spaces between the 
teeth toward the discharge.. The liquids cannot return to the suction because 
■"the tee t&Sesh- at the points of return. The following diajram shows how a gear 
pump operates to move ^iquid. , • 
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Lobe Pump • ; ' 

The lobe pump operates much like the spur gear pump except that it uses rotors 
instead of gears for moving the liquid. The rotors have three lobes that trap 
the liquid and move it tpward the discharge, A lobe pump is shown in • the 
following diagram. 




THttl-lOM 



Sliding Vane Pump 

The sliding vane, pump uses an off7center rotor with sliding vanes to move 
liquid. The sliding vanes move out toward the housing by centrifugal force. 
Liquid is trapped between the vanes and moved toward the disdfiarge. A sliding 
vane pump is shown in the diagram below. 
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Screw Pump 



A sc*ew pump is made with one driver rotor sandwiched between two idler rotors. 
The rotors are made of threaded screw Augers. 'The liquid is carried along the 
screw threads 'to the discharge. "A screw pump is shown in the following diagram. 




/ 



Reciprocating Pumps 



piur 



A reciprocat^ pump uses the action ot a piston, diaphragm or plunger to move 
fluid through the pump*. Reciprocating pumps are positive displacement pumps, 
Several types of reciprocating pumps are. used in steam generation. 

Direct Driven JDuplex Pump ^ 

'This pump uses drive pistons to^ drive the pumping pistons. The pumpinfc pistons 
have overlapping action so that one is at maximum pressure while the other is at 
minimum pressure. This tends to smooth out the discharge of fluid. The diagram 
stfows features of a horizontal duplex pump. - 





/. steam cheat 
t. slide valve 
piston ring* 
|. steam 'cylinder 



S. drain cock 
tfrsiiiflltig box 
7. crndlo 
8* pi*tou rod 



0. cUmlmrgQ-vftlvo 
10. miction vulve 
/J. liner 
U. puckiQK ring 



15. liquid piston 
H. liquid cylinder 

16. discharge port 
/0. suction port 
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Direct Driven Simplex Pump 

This pump has one driving piston and 
one double-actir.3 ?unpin3 pistpn. 
The simplex punp r.iay be of vertical or 
horizontal types. 



Diaphra&x Punips 



/v/er Driven Purnos 

Power puaps ere driven by some 
external power source through a 
crankshaft. A sinale ^acting pump 

discharges water from the cylinder 
only on the downstroke of the 
pumping piston. Double acting pumps 
" discharse during each stroke. A 
power pump is shown in the 
photograph. 



Diaohragm purns use a metal, plastic or rubber material for moving the liquid. 
The' diaphragm' is a flexible membrane that i« operated mechanically or 
hydraulicaily. * In this type of pump, the fluid does not -come in contact with 
the reciprocating perts of the pump. In a mechanically actuated diaphragm pump 
an eccentric is used to flex the diaonrngi.i and cause a pumping action. In e 
hydraulic actuated diaphragm, the piston pushes a fluid touard the diaphragm 
pausing it| to flex and give a pumping action. Diagrams of the two types ox 
^Pllaphragm pumps are shown on the n9Xt pa^e, % ^ 
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Hydraulically Actuated 
Diaphragm Pump 




Mechanically Actuated Diaphragm Pump 
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Assignment 





* Complete the job sheqt> 

* Complete the self-assessment and check yoxft answers with the answer sheet 

* Complete the post-assessment and have the instructor check your answers • 



f 
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Job Sheet 





INVENTORY PUMPS AT. WORK SITE 

* Conduct an inventory of the pumps used at your work site, 
according to the major class and type shown in package. 



PUMP # 



LOCATION 



CLASS 

Rotary, reciprocating, 
centrifugal 



Classify them 



TYPE 



1 

2 
3 



i ■ 



5 
6 



* Keep the completed inventory sheet for use in other packages on pumps. 
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Self 

Assessment 





Match the following pump types according to their class, 
rotary, centrifugal.) 



(Reciprocating, 



1/n Direct driven simplex 

\.. Spur gear' 

3, Regenerative 

4. Axial flow 
5* Sliding vane 

6. Diaphragm 

7. Volute 

8. Diffuser 

9. Screw 
10, Lobe 



A. Reciprocating 

B. Rotary 

C. Centrifugal 
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Self Assessment 
Answers 




1. A 

2. B 

3. C 

4. C 

5. 3 

6. A 

7. C 

8. C 

9. 3 
10. B* 
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*Post 

Assessment 




Name 3 types of rotary pumps, 
1. 

2. . ' 



3. 



Name 4 types of centrifugal pumps. 
5. 



6. 



7. 4 

Name 6 types of reciprocating pumps. 



8. 
10. 



\ 
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Instructor 






"ost Assessment 




* • 


Answers 







1. 

2. 

3. * 




Spur gear, lobe, sliding vane, scp&w 



A, 



^ 5. 



6. 
7. 

8. 
9. 
10. 



A 



Volute, diffuser, axial flow, mixed 
flow, regenerative 



Direct driven duplex, direct driven 
'simplex, power driven, diaphragm 

v 
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* Correspondence Courses. Southern Institute of Technology. Calgary, Alberta, 
Canada. i 
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PUMPS — APPLICATIONS 



r 




Goal: 



The apprentice will be able to 
describe applications and 
limitations of various types of 
pumps. 



> 



r 



Performance Indicators: 



!• Describe examples of pump 
applications in power plants. 

* «' * 

2. Describe limitations of pumps, 



v 
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* Read the goal and performance indicators to find what is to be learned from 
'package. 

* Read the ^ocabul^ry list to find new words that will be used in package. 

* Read the introduction and information sheets. 

* ■ Complete the job sheet. 

* Complete self -assessment. 

* Complete post-assessment. 
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*• Ash. handling puraps, 
— Bo i lor / G - te £y4ja^^ 



* Boiler feedwate*;: ; purnps 
^^^CiJr^ulating pumps 

* Chemical pumps 



* Condensate , pumps 

* Fuel oil pumps 

*. Vacuum pumps- \.S 
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Introduction 




Pumps .are often described in' relation tp their intended applications, The 
apprentice must be able to relate the various pump types to the needs of a power 
plant. ' , *• 

\ .* 
This package shows the n^jor applications and the types of pumps used for each 
application. The .'special features or requirements for those 'applications are 
shpwn in a chart in the information sheet*. * 



• The apprentice should learn^the applications of pumps described in , the p 
, learning package — "Pumps Types and Classification's". The job shee 
provide furtfiej>dnderstanding of pump types and applications. 
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Boiler Circulating Pumps 

Most boilers, operate at high pressures and require forced circulation through 
the boiler tubes, Pun^s are necessary, to keep a flow through. the boiler tubes. 



MOTOR TERM IN 



SUCTION 




CANNCD ROTOR 

rt|>-CANNCO STATOR 

v-LOW RRC5SURC 
* \\<Y COOLING W!R 

tINCR 

-thrust 0carihc 
•arSSMcvc 



4MPCUCR 



Boiler Feedwatgr Pumps 



Punps are needed 
will depend 
with feedwat 




rovlde the boiler ivith feedwater. The type of pump needed 
acity and pressure of the boileV that is being provided 





Condensate Pumps 



ved^fr^n 



Condensate must be removed from the condensor hotwell and pumped t<*>the boiler 
as feedwater* In some plant^ the condensate ^u;np also serves a feedwater 
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Informatibh 





pump. High pressure steam plants use pumps to extract condensate from the steam 
condensprs. These pumps are sometimes called extraction pumps* _ 

Tfta 




CirculQtjnR Water Pumas 

Large volumes of water must be moved through the turbi ne *cond ensor to c*ol the 
steam into water form, I I A J 



J 6 



/. motor 
1 ooupUoc 
5. fUftd 
4. jUod fptctr 

I. thftfl ifecvt key 
r. fUnd dnwi 

I. pump bodv hrtcktt 

9. pump 4bohiurt« tlbow 
/0. tUtx tuUoury iIhv* 
II. ab*lt 

II. «h*ft tUtvt kty 
If. tukU vftooa 

If pump body 

II. Utfiftt 

/I. proptUftf kty 
17. prtptUtr 
II. pump body Uotr 
II. proptlUf mil 
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1 

Fuel Oil Pumps 

• A pump is necessary for bringing the fuel oil Iron the storage tank to the boiler 
burners. d i 

Chemical Feed Punp^ 

Boiler feedwater is treated with chemicals to neutralize sone of the harmful 
effects caused by impurities in the feedwater. Pumps are required for handling 
«, these chemicals. 

Vacuum Pumps 

Vacuum pumps remove air and gases from the turbine condensor,> 

Ash Handling Pumps ^ 

These pumps are used to pump out ash that has been mixed with water to form a 
slurry. . ... s ^» 
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TYPES AND APPLICATIONS OF PUMPS 











APPLICATION 


TYPES OF PUMP 




^/hRACTERISTICS/LIMITATIONS 


Boiler Circulating 


Conventional Drive 




Special shaft seals required 


Pump 

< 






when presures are high. 




Submerged motor 




Waterproof insulation for 




- Met type 




windings required. 




- Canned type 












Thermal barrier required to 








retard flow of heat from 








pumped water into motor of 








pump ♦ 











Boiler Feedwajjer 
Pumps 



Reciprocating 

- Direct steam driven 

- Power driven 



Centrifugal 

- Volute 

- Diffuser 

1 - Regenerative 



* Steam driven pumps limited to 
pressures less than 2750 kPa. 

* Power pumps cost more than 
steam pumps. * 

* Power pumps are subject to 
increased wear when operating 
under high pressures and 
temperatures. 

* Bartel type casing required 
when pressures exceed 
10,000 kPa. 

* Regenerative pump used itx 
small ♦ low-pressure plants* 



o 
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APPLICATIONS 



TYP2S 



Condensate Pumps 



Centrifugal 

- Single stage 



Circulating Water 
Pumps 

(Cooling water) 



Centrif ugal 

- Volute 
Axial flow 

- Hixed flow 



CHARACTERISTICS/LIMITATIONS 




* Usually low head, large 
volume, low speed and single 
stage design. 

* 50% capacity punps are often 
used. 



f Use large inlet to avoid 
.flashing or cavitation, 

* Shaft glands muat.be water- ; 
Sealed to avoid air leakage , ' 
when on standby. 



Miscellaneous 
Punps 

- Fuel oil pump 



Chemical pumps 
Vacuum pomps 



ASh handling 
pumps * 



'Rotary (positive 
displacement) 



Reciprocating plunger 
type-motor driven 

Reciprocating piston 
type pump 



Centrifugal (Single 
stage) / 



* Requires* a relief or bypass 
valve to protect pump and 
discharge lines against 
excessive pressure. 

* Requires relief valve to avoid 
damage from ovetf pressure, 

* Positive displacement .or jcit 
type* Jet pump uses high 
pressure steam to operate. 

* Requires flat bladed impellers 
of wear resistant alloy. 
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* Read pages 15 - 25 in supplementary reference. . 

* Complete Job sheet. 

* Complete self-assessment and check answers with answer sheet. 

* Complete post T assessment and have the instructor check your answer. 
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Job Sheet 





ANALYZE APPLICATIONS OF PUMPS AT JOB SITE, 



* Use the completed inventory from package (Pump? — Types and Classifications). 

* Identify the application and characteristics/limitations for each pump on the 
inventory sheet. What is the pump used for? Add two more columns to the 

* inventory sheet for applications and characteristics/limitations. 



PUMP # LOCATION CLASS TYPE APPLICATION , , CHARACTERISTICS/LIMITATIONS 



Example: 

!♦ Boiler Rn Centrif 
I 

2. : 



Single Condensate 
Stage Pump 



Use large inlet to avoid 
cavitation. 



3. 



* Ask your instructor to review the completed job sheet and suggest additions. 



* '■■) 
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Assessment 





List one type* of pump that would be suitable for the following purposes. 

1 . Condensate pump 

./-/■■ 

2. Fuel oil pump 

3. Vacuum pump 

A. Circulating water pump (cooling water) 

5, Boiler circulating pump \ J 

6, Boiler feedwater pump . 

i 

What is the purpose of the Jfollowing? / 

7, Boiler feedwater pumps^ 

8, Circulating water, pumps ' 

9, Fuel oil pump 
10. Vacuum pump 
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Self Assessment 
Answers 



1 \ 9 



P 




1. Centrifugal . 

/ * -. 

} . 1 

2. Rotary 

. • ' ' ~r 

3. Reciprocating 

* * . ■# 

4. Centrifugal * 

5. Reciprocating — convential drive or submerged water 

6. Reciprocating or centrifugal 

7. Provide bpiler with feedwater 



8, p Move cooling water through turbine condensor 



9, Brings fuel oil from storage tank to boiler furnace 



10, Removes air and gases from the turbine condensor 
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Assessment 




Match the following applications with the appropriate type of pump, 



2 1. Bpiler circulating pump 



2. Condensate pumo 



3. Vacuum puap 

4. 3oiler feedwater pump 

5. Circulating water pump 

6. Fuel oil pump 

7. Chemical pump 



8. Regenerative pump 



9. Conventional drive pump 



, • A,. Requires special shaft seals 
Used in low pressure plants 

f C-. Reciprocating — steam driven 

D, Rotary (positive displacement) 

E # Centrifugal — single stage 

F. Reciprocating piston type 

v G. Submerged motor 

H. Reciprocating plunger type 

I. Centrifugal — volute, mixed flow 



10. Ash handling pump 



J. Centrifugal single stage 
with flat bladed impellers 



. ■ , "ww . 



4 . « 



. - INSTRUCTIONAL LEARNING SYSTEMS 




Instructor \ 
Post Assessment 
Answers 





1. G 

2. E 

3. F 
A. C 

5. I 

6. D 

7. H 

8. B 

9. A 
10. J 
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* Correspondence Course* Lecture 9, Section 2. First Class, 
Institute of Technology. Calgary, Alberta, Canada. 
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Goal: 



The apprentice will be able to 
describe the construction of the 
major components of pumps. 




\ 



9 

ERIC 



Performance Indicators: 
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1* Describe construction of 
reciprocating pumps. 

2. Describe construction of 
' rotary ?ump3. 

3* Describe construction of 
v centrifugal pupps. 

'4. Describe punp drives. 
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Study Guide 




* Read the goal and performance indicators to find what is to be iearned from 
package. * 4 

* Read the vocabulary list to rind new words that will be used in package* 

* Read the introduction and information sheets* 

* Complete the job sheet. 

* Complete self-assessnent* 

* Complete post-assessment. v * 1 
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9 . 

u 

ft * 

* Axial thrust 

* Balancing disc 

* Balancing drum 

* Balancing holes ' 

* Bali (roller) bearing 

* Double inlet impellers 

* • External gear' pump 

* Gland 

* Impellers s 

* Induction /motor 

* Internal tear pump 

* Lantern ring (seal cage) 

* Lobe pump ♦ 

* Mechanics) seals 

* "0" rings 
s * Packing 

* Pump casing * 

* Pump sh^ft sealing 

* Relief valve 

* Rotating *seal # 

* Screw/pump 

* Sealing ring* 

* Single inlet impellers 

* Sleeve bearing 

* Sliding vane .pump % 

* Stationary dial . 

* Steam piston 

* jStem guided valves 

* /Stuffing boxes 

* ' Synchronous motor 

* Thrust bearing 

* V^lve disc seats 

* Valve stems 

* Water piston . 

* Wear rings 

* Wing-guided valves 
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Relief Valves 

Power driven reciprocating pumps require a relief valve to prevent dauag,e from 

overpressure. The relief valve is mounted on the pump discharge ahead of the 

first stop >Aalve. Relief valves are not needed on steam driven reciprocating 
pumps. * , 



Rotary Pumps 



Rotary pumps are used for handling fuel t liquefied gases antf* hydraulic oils. 
These pumps use gears, lobes, vanes and screws to move liquids inside a casing. 
Rotary pumps are made in many designs* Some of the common designs are 
explained below. 

External Gear Pump 

This pump has two gears that turn in 
opposite directions. The gears trap the 
liquid and move it toward the discharge. 
Gear teeth mesh to prevent the liquid 
from flowing back toward the inlet. • 




I XTFKNAICLAK 



Internal Gear Pump 



The internal gear pump has 1 one external cut gear that meshes with an internal 
cut gear on one side. A moon shaped •-partition prevents the liquid from passing 
back toward the inlet. 
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Sliding Vane Pupp 

The sliding vane pump has a*rotor that is 
mounted off-center in the casing. .The v 
rotor has vanes set in slots on the rotor • 
The vanes rotate close to the casing on one 
on one side and haVe clearance on the other. 
This forces liquids to move through the 
clearance toward the discharge. 




SLIDING-VANL 



Lobe Pump 



i 



This pump has two rotors that are operated by external gears, The 
trapped in the pockets of the lobes and carried toward the discharge, 



liquid is 




Screw Pump 



Screw pumps are designed with two or three screw threads. Liquid is 
between the threads of the rotors and forced toward the discharge* 



carried 



. s 
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Centrifugal Pumpa 





Impeller Types 

Impellers are designed in many ways. The design depends on the speed, pump 
application and how the liquid is to be drawn into the impeller eye. 
Single inlet impellers pull liquid in from one side. The double inlet impeller 
pulls liquid in from both sides. The impeller may be constructed like a 
propeller or have vanes. Some impeller types are shown below. 



Pump CasinRs 





for 



Centrifugal pump * casings are split so that the pump can be opened 
inspection. These . .punps rcay be split horizontally, vertically or diagonally. 
Horizontally split casings are called axially split. Vertically split casings 
are termed radially split. Some centrifugal pump3 are encased in a barrel 
casing "to prevent leakage along the split. The barrel casing is an inner casing 
fitted into the outer casing. \ 



Wearljm Rinjs 



£1 



The impeller must be sealed in the casing to prevent leakage. The seal is 
usually provided by a close tolerance joint between the casing and the rim 61 
the impeller eye. As the pump operates, the joint wears and more leakage 
occurs. At that po^nt, the clearance must be restored by building up the worn 
surfaces. The cost of restoring the clearance can be reduced by using wear 
rings. Wea^vTings are mdde of softer .material than the casing or impel lerte 
Wearing ringljjik made of bronze or cast .iron so that the wear will be smooth. 
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The rings are available in continuous ring or half-rig& types. They* are fitted 
into ridges or groove^ of the casing and secured with set screws. 




Pump cm$tng* 



Wtaring 

' ring— 



%% lmptffar. 




Pump t 
casing** 

/mp*//tr> 




Pump 
C0slng 



- nngs 
'•/mpe/for 



Pump Shaft Sealing ' ' f 

Leakage can occur where the pump shaft passes through the casing. To prevent 
such leakage, stuffing boxes or mechanical seals are uscJd. A stuffing box is a 
recess around the shaft that holds a number of packing rings. Packin3 is held 
in place by a gland that compresses the rings ♦ 



Pump Inttrtor 



Gland Adjusting Nut 




Packing Rings.. 



ump Shaft 



Packing rings are -~mtero£ J materials such as woven asbestos, nylon, flax or 
teflon. Metals suqji as lead, copper and aluminum are sometimes used as ^packing 
rings. The lantern rlnn (seal cage ) is a metal ring with aiachined channels that 
distribute sealing liquid to the packing. The lantern ring is used in pur.ips 
that handle sjffid or other gritty materials. 



ERIC 



60 



INSTRUCTIONAL tEARNING SYSTEMS 

4*>. I " I ! , ! M l "HI | , H . « 



Information 




Mechanical seals are used in pumps that handle fuels, acids and other liquids 
where leakage is objectionable* Leakage is less than can be provided with 
stuffing boxes. The mechanical seal involves two flat rings with polished 
sealing surfaces. One ring (the sealing ring ) is held in position by a spring. 
The other ring ( mating ring ) faces the sealing ring. There are two types of 
mechanical seals. The rotatiqp seal has' the sealing ring attached to the shaft 
so that it rotates with the shaft. - The stationary seal rotates the mating ring 
while the sealing ring is attached to the pump housing. "0" rinas are ilsed to 
prevent leakage between the rings and the casing and shaft. ♦ 



Moating 



S*ttcr*w 




Mgting ring 



riou$ihg 



.Spring 




Shovid ft 
Staling ring 



Shttt 



Rotating Seal 



Purqp Bearijigs 



Centrifugal pumps use bearings to support the shaf 
Bearings are either sleeve or shell or ball* or ro 
bronze TOshings or sleeves that closely fit about 
half-shell sleeve bearings that are made of cast- 
babbitt. * Many modern pumps use ball or roller 
bearings. Small shaft pumps use ball bearings 
roller bearings. 



Stationary Seal 

t and allow it to turn rr$ely. 
ller types. . Smill pur.ps have 
the shaft. Large pumps use 
iron or steel and iSned with 
bearings instead of sleeve 
while large shaft pumps usa 



Control^of Ajfiat Thrust 

During /Ae operation af a pump, forces tend to move the irftpeller out of 
position. This causes an axial thjrust back toward the suction. Several ways 
have [been developed for control of axial thrust. Thrust bearings on the shaft 
of low 4 capacity pumps will control the problem. . Balancing holes are used to 
control . axial thrust on single-inlet pumps. Som^ones axial thrust is 
controlled by facing impellers in a manner that the inlets are opposed to each 
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Information 




other. A balancing drum can be installed on "the shaft between the impeller and 
the balancing chamber . ^-The drum tends ta> balance the thrust, toward the 
discharge instead of the suction, , Balancina discs can be used to control axial 
thrust when mounted on the shaft*. The balancing disc is not widely used because 
it can have more problems than the balancing drum* . 



Pump Drives 



Pumps are driven by many power sources. The most common power source is the 
electric motor.. The squirrel cage induction motor is the most common. . , The 
synchronous motor is used for JLarge capacity .pumps. Steam turbines :are often 
used to drive centrifugal and rotary pumps. Internal cpmbustioa engines can ? 
also be used to drive pumps. ,■ \ 



mam 
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* Read pages 16-42 in supplementary reference and stud 

* Complete the job sheet, 

* /Complete the self -assessment and check answers with answer sheet » # 

* Complete the post-assessment and have tlje instructor check your answers. 




/ 
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Job Sheet 





DISASSEMBLE A CENTRIFUGAL PUMP 



* 



Obtain a centrifugal pump (functional or non-functional). | 
Remove half of the casing. \ 
Identify: . '•''*'" : ""'^v 

- Type, of impeller (single or double-inlet). 

- Type of flow (volute, diffuser, axial or mixed). 

- Type of casing (horizontal split, vertical split). 

- How wear rings are attached. * 

- How pump shaft is sealed (stuffing bix, mechanical seal). 

- Location of gland. 

- Use of ldfctern ring. . , 
-/ Use of "0" rings. . j 
A Type of bearings. 

'- How axial thrust is controlled (thrust Bearing, balancing dn 
balancing holes; balancing disc). 

- How pump is driven (type of motor, coupling). 

Ask instructor to explairi thbse things that you. do not understand. 
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Assessment 





Match the following terms with the proper applications. 



1. Stem guided^ .valves 



A. Used to drive large capacity pumps, 



2. Wing guided valves 



B. Prevents damage from overpressure, 



3. Steanj pistons 



C. Type of impeller, 



4 * Water pistons 



5. Relief valve 



D. Used on high pressure systems. 

E. Sealed in piston with cast iron piston rings. 



(>. Single-inlet* 



F. Type of packing. 



7. Thrust bearings 



8. Stuffing boxes 



9, Synchronous motors 



10. Reinforced elastomer 



^__UsejcL-on low^ressure sj|stems, 
H # Sealed ia cylinders witji packing. 



s: 



Used to seal between sl^aft and housing, 
Controls aflial thrust. 



0 
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Self Assessment 



Answers 





1, G 



2. ' D 

0 

, 3. 'E 

4. H 

5. B 




6. C 



7. J 
I 

8. I 



9. A 
10. F 



4 
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Assessment 




Match the following pump parts with their construction features. 



1. Valve disc seats 



2.tf Induction mQtors 



3, Balancing.' drum 



i 




4. Packing 



A. Used to hold packing in place, 

B. Casing opens along vertical line, 



C. Made with asbestos core covered 
v/ith canvas, 

D. ^Most common motor for pumps. 



5 . Synchronous-itiotor s 

6. Reinforced elastomer , 
^ 7. Moulded cup 

8. Radially split casings 

9. Gland 

10. Single-inlet impeller 

•J- 



£. Used to drive large capacity pumps. 

• . V 

F. Made of bronze or alloy. 

G. Pulls liquid into one side only. 



H. Made with rubber reinforced with 
fabric, 

I. Made of solid rubber rings and 
reinforcement . 



to control axial thrust^ 
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Instructor 






1pdst Assessment 






Answers 







I. F 

-2. D 

' 3.' J 

4. -C 

;5. E 

6. I 

7. K 

IB 

8». B 
9. A 
40. G 
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PUMPS. — CALCULATING HEAD AND FLOW 







* > 


• 






Goal:* 


Performance Indicators: 


* 






the apprentice will be, able to 
calculate head and flow rates. 

♦ 


• i. 


Calculate net nosi'tive suction, 
head . 

• 




2, 


Calculate change in pump power, 
due to changes in size and Speed 
of impeller > % 


r> » 

• 


3.. 


Calculate change in head due 
to changes in sizeT and speed 
of impeller. 


• 

> 


• 


Calculate change tm quantity 
pumped due to changes in size 
and speed of impeller. , 




'- — * 
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* Read the goal and performance indicators to find what is to be learned from 
package. . *r . 

* Read the vocabulary list to find new words that will be used in package. 

* Read the introduction and information sheets. 

* Complete the job sheet. 

* Complete self /-assessment ♦ 

* Complete postt-assessmerit . 



4k 



\ 



i 1 



i 



mm* 



er|c 



71 



INSTRUCTIONAL LEARNING SY STEMS 

in) » ■ i 11 11 1 ' -i 11 " 1 -". || — * 

i : ) 




* Capacity 

* Friction head 
£ kPa (Pascal) 

* 'Net positive suction head 

* Pressure head 

* Pump efficiency 

* Pump power 

* Static discharge head 

* Static head 

* Static suction head 



* Static suction lift 

* Total head 

* Velocity head» 
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Introduction 




Pumps must be selected according to the requirements of the job to be performed* 
In order to make wise selections of centrifugal pumps, someone must be able to 
calculate such things as head, power requirements of pumps, quantities of fluids 
that can be .pumped and efficiency of pymps, q 

An apprentice should understand the basic principles of pumps and be able to 
make calculations needed for selection of 'pumps. The ability to make such 
calculations will insure a better job of matching pumps with the jobs they are 
to per form 4 



\ 
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Information 




Capacity ^ , 

Capacity is the quantity of liquid handled' by a pump in a given period of time/ 
It is usually expressed as GPM (gallons per minute). 

Static Head 

Total static head is the total distance that a liquid moves in passing through a 
pump. 




K£ L M utctiofilift 



Static Discharge Head 



Static discharge head is the vertical distance from the center line of the pump' 
to the. surface of liquid in the discharge well. 



A 



> I 



i 

Sfttte 
hto<t j 



I 
I 

Totot 
$totit 

I 
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Static Suction Head 




. ■ • • » ■ *• ■ v. . 



, Ay.;; . / 



This is the vertical distance from the pump cejitfer line to the surface v of \ the 
liquid in the source of supply* Static suctipQ r ^ead^texi^tg : wh^n the Supply is) , 
located above the center line of # the pump . ijv ; " ' ' m ' : -'' m s?y}';l{ ; . / 



,./'-'.V^"'i 



"T 

rod/ 



POP 



7* 



(A 



rt 



^ 5toftr ■'. 
di$charg* 
. ned<t , 

'I. 

i'. 



1 I !v*iFr~*, 



fitod 



Static Suction Lift 



. / 



This condition exists when the source of supply is below th^ center line of the 
.pump^ It is the vertical distance from the surface of the liquid in the.suction V 
well to the center line of the pump*.- \ v 



<fttc fiotae 
htaa 




ic tvctioff l*ft 



Friction Head 



This is the head needed td overcome f riction- of , the liquid flow through the 
•pipes andv fittings* . i ■' < /• 



V 
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Velocity Head 

The head through which a liquid would need to fall to acquire pumping velocity.. 

' ,. • ••• • . • *-. V 

Pressure Head 

The^ heaci caused by pressure of the liquid, in the suction well or discharge well, 
Total-Head ,. • V 

Total head is the sum of static head,' :p t lus. ^velocity head plus friction head plus 
pressure head . ". ■ : ... . ; >V .vV ' 



Net Positive Suction Head" 



/// '-•» i t v'".'f>" 



This is' the' total head of liquid in feett at thef suction, nozzle, minus the 4 vapor 
pressure of the liquid. / / . - 

Calculating Head f 7 

In order^to calculate head* one must first calculate pressure^ Pressure is 
expressed in a unit . called Pascal pr in kPa (thousands of Pascals). 

/ p* » pressure (Pascal^ / *. 

w force of gravity (pass x density x 9*8), 
h * .height ofj f ree surf; acfc above poin): of measurement 

For -example, we wish to measure the pressure of water 5 meters below the 
surface/ Water has a density of 1,000' kilograms per cubic meter, The formula 
would bet . , : [ : - 

- D « Wh , ' ' ' ' " - " " 



p* 1,000 x 1 x 9.8 x 3/ * 49 ,000 Pa or 49/kPa 



Other liquids will have other ' densities 7 whi^h will change the value of w in 'the 
formula, -ftif example, gasoline has a; relative; density of ,75. The same problem 
as above would be calculated esv <}i /' 



p m wh" :v" ■ ■ ; . 

p * 1,000 * V75 x 9.8 x 5 */36 , 750, Pa -or.. 36 ;7$*kPa 



Net positive suction head . is used by . pUmp .. manufacturers to express pump 



<■■■•■ /■■'* -'. ■ . : 
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capacity. When selecting a pump, one must make certain that the net positive 
suction head requirements are met. The formula for net positive suction head 



is: 



Net positive suction head 



,1048 (Pa-Py) 
RD 



+ He - Hf 



Pa » pressure of atmosphere or in the suction vessel 
RD - relative density of liquid at pumping temperature 
He * suction head in meters, either positive or negative depending on 

whether the pump is above or below the 'suction well 
Pv * vapor pressure of liquid at pumping temperature in kPa from steam 

table 1 
Hf ■ frictiori head in meters of suction piping 



For example, a pump is lcbated 4.5 meters above the supply and is pumping 30oC 
water of RD of 1.0. The atmospheric pressure is 101.325 kPa _and the friction 
head is .3 meters.; Calculate the net positive suction' head Tn^TvTs ' examplel" ~" 

Pa » 101.325 kPa" 

Pv - 4.246 kPa*(from steam table) " ' » \ 

RD % 1.0 - . \ . 

He » -4.5 meters i 

Hf = .3 meters 

4 NPSH - ,.10148, (101.325 t 4.246) - 4.5, - 0.3 

■ •< \ * 1.0 , \ > * ' i 

NPSH - 9.85X6: 4,8 f 



NPSH 



5.85 meters 



Calculating P«ump Performance 1 (Centrifugal Tumps) 

The quantity of wat&r pumped will be affected by the s&e of the impeller and 
.will, vary according to the diameter of the impeller. -Head will vary with the 
square of the impeller speed. The power to drive the pump will vary as the cube 
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of the impeller speed or diameter* Head will alsd vary as the diameter of the! 
impeller squared. Pump performance at different speeds and impeller sizes can 
be compared. " . 



Pump power (KW) « Kilograms of fluid 

delivered per minute x 



Distance fluid is lifted 
in meters 



6115,94 * 

For example, a pump is required .to lift 400 kg of water for 8 meters: 

KW = 400 x 

* 6115.94 ,• 



KW = 



.52 



If KW 
H 
D 
E 
n 



= pump power 
- head (m) 

* impeller diameter (mm) 
pump efficiency " * 

* <^pump speed (revolutions per minute) 
25 < j^ ltit ^ pum P ec ^ (li ter >s per minute) 

We can compare two pumps through equations . The effects of speed and impeller 
size on quantity pumped, head, power requirements and efficiency are considered 
in the following equations: ^ 



Q 2 
KW, 



= KW 



V 



E - E. 



•M • 'I, n il - - = ->•;;». -t-rfj 
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Example 



A centrifugal pump delivers '20, OOQ liters per minute of water against a head of 
40 meters when running at 2,000 revolutions per* minute. The, pump efficiency is 
80 percent and requires 120 KW to drive the pump. The diameter o'f the impeller 
is 320 mm. If we reduce the impeller diameter to 300 mm and speed the pump to, 
2„100 revolutions' per minute, what will be tt»e performacne of the. pump?. 

Quantity pumped Q« = Q, x v 'x'D, 

Q- • 20,000 x 2100 x 300 : 1 

6 ' 2050 ' 320 . , 

Q 2 •».; 20,000 x 1.05 x .93 ,, • - 

Q 9 = 19,520 liters per minute ! ' ' 



si 



he change in impeller size and speed caused the pump to,, pump 480 liters less 
water per minute. 5 

Let's take a look at the effect of those changes on head developed by the pump. 



Head (Hp) 
H 2 



/n .72100 Y 1 

(2555/ 



40 x72100\" *x /300) 
(320/ 

- 40 x 1.10 x .86 

= 37.84 meters \ 




The change in impeller size and speed would reduce the head 2.16 meters. 
If we wish toj^ompare the pump power requirements, the cube formula is used: 



KW 2 r » 
KW„ = VL% 



= KW„ 



KW- 



120 x 72100 ^ 3 1 / 300 \ 3 

2000/ I 320 y 
120 x 1.33 x .80 



r ' 



KW 2 = 127.20 

i • 

The* required pump power would be increased by 7.2 KW as. a result of changing the 
size and speed of th$ impeller. , ^ 
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* Read pages, 33-38 in supplementary reference. 

* Complete the ' job sheet. 

* Complete the self -assessment and check your answers with the : answer shteet. 

* Complete the post-assessment and ask the instructor to check your answers. 

...... ■ " -.K* m 1 
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IDENTIFY THE RATINGS OF A CENTRIFUGAL PUMP AT YOUR WORKSHOP ♦ 

* Find the. .rated speed of a centrifugal pump impeller, (n^) 
^ Find the diameter of the imp6ller% (P^) 

* 'Find the rated flow of the pump. (Qi) 

Calculate the change in quantity that can be pumped by increasing the speed of 
the impeller by 100 revolutions per minute. 
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Using the equations: 



9.2 



Q x n. 9 x D 9 \ 

1 A ' D i 



V 

\ 



Calculate the change in quantity pumped by the following centrifugal- pump when 
the' impe^.er size is changed * 

The ,punp now delivers 12, 000 liters/minute against a 4Cb head when' running at 
1600 revolutions. The impeller* diameter is '300 mm. • If we change' the impeJLler 
size to 320 mm and increase the speed to 1700 revolutions, how will the quantity 
of fluid pumped change? ^ 

-Remember that * Quantity pumped after change 

* Quantity pumped bfefore change 

* Pump speed after change 

* Pump speed before change 
« Impeller diameter after change 

* Impeller diameter before chan3e, 
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Self Assessment 
Answers • 



Q 2 



•Q 
Q, 



2 • 



Qi x Hp. 

12000 x 1700 x 320 
> 1600 300 

12000 x 1.06 x'jl;06 

13,440 liters/per minute 



s 



This is an increase of 1440 liters/per minute 
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Assessment 




Using the equation: 



H, 



1 



x/ n„\~ x / D 



_2 



Calculate the change in head devel4oed by a pump as a result of changing speed 
and size o£ the inpeller. 

4 >• . - s 

Problem: '* 

} > s 

A pump delivers 12,000 liters per minute against a 40 meter head when running at 
kl600 revolutions. The impeller diameter is 300 mm. If we 'change the impeller- 
size to 320 mm and increase, the speed to 1700 revolutions, what will be, the 
change in head developed by, the pump? 



Remember : 



H 2 
H l 

n l 

h 



* Head after change • 
,"W>Head before change 
■ Pump speed after change 
- Pump speed before change 

\ » 

\ 
*\ 

* Impelled diameter after change 
« Impeller diameter before change 
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1*ost Assessmen 



Answers 




H, 



H. 



x/n 0 \ x/D 



2' 



40 



x (1700\ 2 x /320V 

bm) (mi 




H ? - 40- x (1.06) x (1.06) 



H, 



40 x 1.12 x .1.12 



) 



Ho * 50. 17 neters % 

The larger impeller size and increased speed results in an increase of 10 
meters oi head. 
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References 





* Corresporldence Course. Lecture 9. First Class. Southern Alberta Institute 
of Technology. Calgary, Alberta, Canada. 
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PUMPS ~ OPERATION 



i . 





Goal: 



The apprentice will be,able to 
describe steps in operation of 
pumps. -' s 



ERIC 



Performance Indicators: 



1. Describe steps in/ priming of 
pumps. 

2, Describe steps in starting a', 
pump. 

3* Describe steps in stopping a 
. purflp. ' ■ , " 

A.. Describe cavitation. 



87 



INSTRUCTIONAL 



LEjflRNj j 



NG SYSTt .^S- 




t " V ' - . 

* tfead the goal and performance indicators *to find what is to/be learned from 
package. 1 

P Read the vocabulary list tp find new words thlat will be used in'' package, 

* Red€^the introduction and inforraation sheets. 

* Complete the job sheet. . V ' 1 , 

* Complete self-assesscient. 



issess^en 



* Complete poet-^9eBsment . 
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Priming a Pump 

Reciprocating and rotary rpumps are self-priming when in. good condition and under 
normal lifts/. Centrifugal pumps are not self -priming. These pumps oust be 
grimed with water before start-up. When the pump, is located above the 'source* 
follow the following 'priming procedures: 

'I 1 # Fill' suction line and casinft with liquid? through* discharge valve 
'i bypass, auxiliary line or be using a priming valye to draw air from the 

casing. ' V- ■ , 

• 2. A foot valve orv the suction line will allow liquids to enter/ the line 
'? " but will prevent it from draining out. 

^It the pump is located below *the .supply , follow the following proc«/ures 



9 -s — *t 

1. Cfcose discharge vfllve . '■■/ ■ * 
,r . "."2. Ppefi air vent petcocks . , 
{ 3.. Slowly 3pen the suction- valve. . * ; " 
■ : > *4. Close ^air vent petcocks when liquid appears through theu. l 

5. ... Open discharge valve before starting pump . 

Starting Pumps « . * 

The £ollow,ing procedure should be" followed when startins centrifugal pumps. "< 
'1. ' Check oil level 7 ' in bearing rhou^ings. *m 

2. Turn on cooling water forj oump bearings/ stuffing boxes and mechanical 
"■' seals, if parts are^ water cooled-. 4 . j 

.3. Open suction valve &nd close discharge valve* > 

Close' aLKdrains in! casing, suction and 'discharge piping. . 
V j 5.. Pri*ne pump and op#n discharge* ValvA^ . -\* r 
&; : Suart pu.ap and* bring to speed. ♦ . '\ * 
j .7; * Check-leakage of Muffing boxes. 4 V ." , 

; 8. Adjust sealing liqtiid in- stuff ing boxes. . ; /:^ 
" 9. Check .oiVj-rings on ^leeve-.bearihgsyto, see* that /they turn freely; 
'10. Check suct?iqJL>and "discharge pressures . v v. ., 

Feel purtfp bearings for'overhedtin v. , * . . ,t 

\ 12. If pump is being started- -for the first time: 1 ' \ . • 

- Check /Ehat rot6r turns- freely - ; ... , >v 

- N Check alignment fcf pump \nd driver. v .. 

- Check direction 5 of rOtat v ifon of dri ving pot or . ■ ■"' *• 
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Stopping Pumps 

When stopping centrifugal pumps, follow these procedures: 

I. I Close discharge valve slowly (large radial flow pumps). 

2. Stop pump driver* . / 

3. * Shut off cooling water. 

4. Close suction vqlve. 



Cavitation 



Cavitation is a condition caused by vaporization of liquids moving through a 
pump. ' It octurs when the pressure, in the punp Falls* below the liquid vapor 
pressure, h vapor is formed as a result of the unequal pressure. Cavitation 
causes erosion of metal parts, vibration anH pulsations as vapor pockets break 
down. 'Cavitation is caused by the following: 



^mmTT 9 5uitit>n velocity is too high, 
*p 2, " Suction lift is too high. 

3. Temperature of liquid is too hi<]h, 

4* Suction line has too many sharp changes in its direction of flow, 

i • 
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Assignment 





* Read pages. 42-45 in supplementary reference* < ] 

\-\ 

' # Complete job sheet. , *, 

* * 1 Complete self -assessment and check answers with answer sheet. 

1 ■ / ' \ . ' 

* Complete ^i6tr-assessnent. and ask instructor to check your ajiswers, 
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Job Sheet 





PRIME A CENTRIFUGAL PUMP 



•"A 



* Locate a centrifugal pump at your work site and, get permission to prime, 
start and stog it. 



9 
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* Follow the procedures outlined In the information sheet* 

* Prime, start $nd stop the puap*in the proper sequence of operational steps. 
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Self 

4 * 

Assessment 




pumps.. raust be . printed* before starting. 



draining out during priming. 



valve on the suction line prevents liquid from 



1'ne 



valve must be closed before priming a centrifugal pump 



and opened before or immediately after the pump is starred. 



The air vent 



must be open during priming. 



to a vapor as it passes through the^gump. 



is a condition that occurs when liquid is converted 



V 
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Self Assessment 
Answers 



1\ Centrifugal 
14, 

2. .Foot valve 





1 * 



3. Discharge valve 
A. I^etxocks ' , . 
*5, Gavitation 



4 I 
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i Post 

Assessment 




explain the priming of a centrifugal pump when the pump N is located below the 
source of supply/ List the steps ,ih the order that you would perform them, % 



H * 



, 1 



r 1 
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Instructor 

» w 

l^ost Assessment 
Answers 





The general steps for priming a centrifugal pump when the- pump is below the 
source of supply are: 

* Lr \ . ; ' ' - . • v ' • 

. I] Close di&chargq valve, • • 

' .2.. Open air vqnt J>etcocks. - v. 4 

3. Open suction valve (slowly). • \> x 

4. .Close air "vent petcocks when liquid, comes through themt * 

5* Open discharge valve before starting, ■ * v \^ 
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Ijteferehces 



\# Correspondence* Course. Lecture, 6.- Third Class. "Section 3. • 

Southern Alberta Institute of technology. Calgary, Alberta r Canada. 
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PUMPS ~ MONITORING AND TROUBLESHOOTING 



/j 
* 




Goal: 



The apprentice will be able fln.v 
. descVibe monitorinjj'and troi 
shooting-of , pumps*. 



> 



er|c 



Performance Indicators: 

••• r 1 . - 



.1. Describe installation aS it 
relates to trc^ubleshootihjg . 

2. describe trdubleshootihg ^\ 
requirements of pumps. 



3* ^ Describe monitoring ^requirement^ * . 
of pumps 4 s * * 
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* -Read the .goal .and performance indicators to find what is to be learned from N 

package. ,> » v , ' \ ' \ ' I 

* Read the vocajbular'y list, to find new' worlds t^hat Vi.ll be used in package. * • 



* v 

c * r Read the intrtfductipn pnd inforoatjLon sheets. # 
*■ Complete the job sheet. ' 



* Complete self ^assessraent. 

* Complete postr-asse^sment . 
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The installation pf a punp is ypry important to monitoring -and troubleshooting* 
it while in operation. The manufacturer of the pump should be consulted about 

installatiorf^nd their recorma-enclations should be follpwed, 

* 

Once installed, the p\unp must be\^losely watched during its operation. This is 
called monitoring . When a problem occurs, in the operation of the pump/* fch$ 
operator must' be able to correct the problem. Problem identification and' 
correction is called troubleshooting . Troubleshooting is a /'quick fix 11 typ^, of 
repair that involves simple operations such ag replacing we^ rings, or, seals. . 

This package is designed to introduce th/e apprentice to the basic > concepts of . 
installation, , monitoring ahd troubleshooting. Preventive naihtenat\ce j will^be 
discussed in greater detail in a separate package, ,■//■ 
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, ; " that id easily/ accessible for* 

~ 1 ' inspedtid^ allowed for reuoving the' casing and 

' V-.'V ; r jrptprV. robp for .removal of piston and rods. *A 

^ the length Of the suction 

i v V li^et;'-' Oisfenarge lines Should b6 short and' with a minimum of f it£ings • to iredvjce 

'^a-vitatian prableps ;;^ . ; r ' •:• ' ' y . - ■ ; r *. 

m / : \ 'V^ere a punp is -to *ork on suction lift, a feot valve shoul#. Tfe iastialled aj^ortg 
^'l '^'\%V"' ? -witbr a suctiorif strainer/ A gete ydlve ^should* be placed in the discharge line \ 

: . : feljbse to ,;..the^punp. - Also a ch^cR. valve should be installed between t}ie gate 
i # : valve and the' punip. • « ■ . • . 

' 1^ Reciprocating pumps may require a surge chamber on the suction or discharge 

A line. This- chamber should be kept charged with, air. water level gauge is 
needed to check t!?e amount of ^air in the chancer. 



The pump manufacturer should be consulted about the installation of new ^unps. r 
Technical assistance should be t^qu^ted' from th? nianu^ctv|rer orr installation 
procedures. Installation and, alignment of punpS ; i6, a Vmdlex. procedure arid 
cannot be fully explained in this learning. packag^L Additional, information will, 
be needed for proper installation. • • 

Troubleshooting : 9 

The operator should always keep spare parts for punps. Th^ parts must be 
ordered ,in advance artd catalogued for .easy reference. The instruction manual 
should 'be' close at hand and used as a guide for troubleshooting the specific 
pump ' that is giving trouble. Spare valves ajjd packing, should be available for 
troubleshooting/ reciprocating pumps. Bearings, shaft sleeves, wearing tings arid 
packing will be needed fop repairing centrifugal punps/ Th*e instruction manual 
* for 'each pump will provide guidelines for troubleshooting. 

< A . 0 

Monitoring 'Pumps 

The best way-A avoid pump outages is to establish $ schedule of operational 
checks ar\d a preventive maintenance progran. /Operating checlc^ should be made 
, hourly, * monthly, quarterly / semi-annually ancr annually . These checks are rtade 
in much the ^ame way as automobiles are maintained . , 
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INSTRUCTIONAL LEARNING SYSTEMS 




fn addition to the operations checks for maintenance purposes', the, operator 
should listen to the pumps and make visual inspections on a corttinua} basis. 
Unusual noises should alert the operator to problems, Nt^ss, ,of pressure f on 
pressure gauges should be detected and action taken quickly. 

Monitoring pumps requires an operator to use their senses of hearing, sight, 
smell and feeling of bearings that night be overheating. They must possess a 
sense of responsibility for the equipment and be alert to operating problems • 
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* Read pages 27-32 in' supplementary reference, 

/ ■ 

* Complete job sheet. . 

* Complete self-assessqent and check answers with answer sheet. 

* Complete post-assessment" an<i ask instri^ctor to check your answers,^ 
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Job 






REPLACE .PUMP PACKING ON RECIPROCATING OR CENTRIFUGAL PUMP ^ 
; 1., Shut down an^ drain pump. 

2. R&novej 3land adjusting nuts and slide gland away from packing..* 

3. Remove all old packing vith a packirts puller tool* 

4* Check copfcition of shaft or shaft sleeve Bnd replace or resurface the shaft 
or replace shaft ^leeve. • ■. 

5. Determine correct size of packing to be used by: - v . 

•Correct Size * Bore of stuffing box - Diacieter of shaft or ^sleeve 

: 2 

Wrap packing around shaft and cut the needed number of rings by diagonnally 
cutting packing coil with knife. * % ' : < 

Place packing rings on shaft one at a time. Use oil or grease on the inside 
of erach ring.* \ * 9 

<r 

Tamp the rings into the stuffing box. Use netal ring to push eacn packing 
ring into place, Stagger the ring joints. 

9. Replace gland and tighten gland nuts to squeeze packing. Slacken off on gland 
nuts to finger* tight . *" ; % , . 

10. Pripie and start pump. - f % %¥ . 

11. * Allow packing to leak for few minutes anjd then tighten gland nut to reduce ' 

'leakage. 



6. 
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Removing Packing 





Cutting Packing Rings 

7 




1. When 



should g foot valv^e be installed on a pump iLineZ * • ^ 



* • 



v^alve Should, be ^rii^ted between <th* gate valve' and " ' .,V\*. V 

: /„ .. .f^.A ' . ••• • . 



V 



2i* A' 



3. 



*pump*, 



A water level gauge is needed to , check £he amount of 
a surge ^chamber of a reciprocating pump, , % 



3 % 
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A; Vfh'i'c to spare parts shoyld 



be kept for reciprocating jpjump 'troub^eshootfa^ v y * • \«* 



Which spaf e parts should be kept for centrifugal pump repair? 
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Aiisweh 




1. When pump works on suction OLift, 



2*. Check valve. 



: • . 1 . 3.- Air. < 

i* „ - 

s - / 

Spare values and packing. 



5, Beajrin^s, shaft sleeves, wearing ring6 and paqking. 
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1. 



Whpt is ''the best myk to avoid pump'cAitages? 



2. Where can troubleshdoting information be obtained for specific types.* of 
pumps? v # % .... * # 



Why should a pump be located so 'that jLt is easily accessible? 



* 1 



^ - 



4. Sp^rei valves and packing should be lce^t for* 



pumps, 



* \ 

' Bearings , shaft sleeves and wearing rings are good spare parts tor 
; , ' punp$. - . * * r 



INSTRUCTIONAL LEARNING SYSTEMS 



Instructor 




Answers 





jjChec! 



1, Pr9^en£ive mai^tenancl operationsfeheck schedule. 

2, Instruction manual for each pump. Obtained from 'pump* manufacturer. 
..^ < 




3, For inspection and fepair 

4. ^Rectprocatin3, 
51 Centrifugal'. 
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Supplementary 
References 





4 * Correspondence Course* Lecture 9. r Section 2. 'First Class. - 
• r Southern Alberta ptatitute of Technology* Calgary, Alberts, Canada, 
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PUMPS ~ MAIWTZljANCE 



f 



Goal: 



The* ^apprentice will be able to 
describe maintenance procedures 
for pimps. 
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Performance indicators: 



1. Describe <*6hedules for pre- 
ventive' maintenance of punps. 

2. DescTTtle lubrication of pumps. 

3. Describe Maintenance of pump 
packing a$d seals. 

• ■ 4. 
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INSTRUCTIONAL LEARNING SYSTt iMS 




• * 




Stutfy Guide 




*" Read the goal and performance indicators to ^firid what is to be learned 'frQn 
> paokage. ^ / , * - 

~ * Read tKe vocabulary list to find new y/ords that will be used* in parage. 



* Read the introduction and information sheets, 

» ■ . 

* Coppl^te vtme job sheiet*. - . ' 
*' Complete self-assessment. 1 t - < 

* Complete post-assessment/ 

* * • 1 
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* Gland 

* Mating ring - 

* Mechanical seals * , 

* "0" rings ■ • * 

* Preventive maintenance 
Pump packing * , 

^ * v Roller, bearings > 

* Rotating mechanical seal 
v / 

* Sealing ring 

* Shaft sleeves 

* Sleeve bearings 

* Stationary mechanical seal 
* 

* Stuffing boxes * 
*■ * • 

* Wearing ri-ngs * 



■ y 



\ 
« 





"Preventive Maintenance ds the key 'to success in purnp. operation • Most ,o^the ?u#$ 
outages » can be prevented by proper naintenance. A'' good maintenance schedule 
wtfi 1 assure tha£' maintenance ; takes place'^befote problems arise, 

' ' - ",- ' * 

Lubrication '''/.of' pumps will prevent* wear of parts. Packing and seals , must be 
' replaced: tb' avoid*: leakage. and loss in ptiup efficiency. The apprentice; should 
v * know-how' tb - care ipr and maintain pUmps in a way that avoids costly outages. 
'Otherwise,/ simple niainte'nance heeds becorie major, repair items. 

, V- . * . : ' * ■ < . * 
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Maintenance Schedule 
■ - — ^-r- — 



^shoul^]b^ d; 



/ 



Fjreventivte Maintenance .checks *should^|bfr made t;o determine if the pump parts are 
working as , they should, , work . The following items should be checked hourly 
daring operation: * 



Bearing temperatures (by hand) 
Suction '.pressure » / +- ^ 

Dirschaijge pressure ' 
Lubricating oil pressure ahd temperature 

* balancing disc leakoff 

* Stuffing box leakoff . 
Cooling water flow 

Cooling water inlet and outlet temperatures 
Ampefage of* driver motor 
Oil* ring operation 
Recirculation or bypass flow 



-v. 



When any of the above items are not functioning normally, the problem should be 
corrected as quickly as possible. 

Monthly checks should be made on the following: m 

* > Bearing temperatures (by thermometer to get an accurate check) 

* Correct hot bearing problems by adjusting the lubrication or alignment 

of pump and driver. Ball and roller bearings may run hot due to 
over lubrication. This problem can be corrected by 'removing lubricant. 
Sleeve bearings may* not be receiving enough lubricant and run hot. 
Additional lubricant will Correct the problem. Realignment of pump and 
.driver may be needed to correct problems of . hot bearings. 

Quarterly checks should be made on: 



* Dismantle, clean and change oil iri sleeve bearings. 

* Check ;all grease packed bearings for contamination, 
flush, clean and repack. 

*• Measure all bearings for wear and replace of needed. 



Semi-annual checks should include: 



If contaminated 



\ 



Check stuffing box leakage and renew pac!cin3 . 
Check shaft sleeves for wear. 

% Check for bent shafts, worn bearings and rotor balance . 



INSTRUCTIONAL LEARNING SYSTEMS A 



7° 



J 





Annual Checks may involve 'a. complete dismantling of tbe'jiump if it\ is giving 
poor performance. Such annual checks would include: . 

C . - ■ % 

* Checking the casing for corrosion a/id wear. * % » 
' * Checking rotor for corrosion and' wear. 

* Measuring wfear ring clearance and replacing rings* jf^jj 

* Replacing worn shafts and^ sleeves. « 

* Flushing and cleaning coolant connections. - 
Recalibration of pressure gauges. > 

* N Checking bypass and recirculating valves for wear and, replacing them, when 
needed. 

* Checking suction »and discharge 'valye assemblies on reciprocating pumps. - 



• Wearing Rings 



The wearing ring seals the impeller of a centrifugal pump into the- casing. 
Rings may be mounted on either the impeller or casing or both. The Rings' are 
made of softer material than t«hat of the* surface it will be wearing against 1 so 
that the impeller or casing does not wear. Wear rings are usually made of 
bronze or cast ixon so that the wear will be smooth. The rings are set-\into the 
impeller rim by threading and held in place by set screws. Rings can be 
purchased as continuous or half rings. When fit on the casing, grooves holtl the 
ring in olace. The diagram below shows the location of wearing rings in a pump. 
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Stuffing 3oxes ,« 

A seal is required between the casing and shaft .of a purip. A stuffing box: 'is a 
groove on tils shaft that holds packing rings* The ,packirif<g is held in place by 
an adjustable %land . 



Pump Interior 



Gland Adjusting flufo 




Packing Ringi 

Stuffing Box with Packing 



ump Shaft 



lantern ting supplies sealing liquid to the packing to exclude air and -provide 
lubrication* The lantern ring is needed by pumps that handle sand or other 1 
gnitty materials. The sealing liquid keeps the sand from ."eating up" tms 
packing. , 



Gland Adjusting Nut 




tantarn Ring 



• * 

Stuff IrffJfldfec with Lantern Ring 



• 1 
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Shaft Sleeves 

A pump shaft is subject to wear and corrosion. Large pumps use shaft slee>ve6 to 
take the wear instead of the shaft. • When wear occurs, the sleeve. is replaced. 
The sleeve is keyed on the shaft and held in place by the shaft nut. 



IMPELLED 



Shaft 



guano 



J 



SEPARATE 
KEY 




IMPELLED NUT SLEEVE 



NUT 
SET SCREW 



?unp Packing 



pacicins is usually replaced every 3-6 months, depfcwiing orkths operating 
ft&hditipns. Packing rings are cut fr-on a coil and tamped Anto the stu^fins box. 
ffte details of replacing pun? packing are found in the\ Puup-tton^toring, and 
troubleshooting package. % 

■v Is 1 
$ij$£hanic£l Seals . 



On ^ pumps that handle gasoline, acids and other touchy 'liquids, a nlchanical sea\l 
is used in place of stuffing boxes. ilechanical seals reduce pump leakage 4 and 
make it easier to work with such Materials . A mechanical seal is*two fiat rings 
that rotate at riftht angles to the pump shaft. One ring is called a 
s^alins ring and the other is a mattfoa ring . The tv/o rings are held in contact 
with each other by springs. On a stationary mechanical seal , the sealing ring 
is attached to the ?unp casing and the mating ri*g turns on th-e shaft ^ A 
rotating mechanical seal has the sealing ring attached to the shaft and * the 
nating ring on the casing. A seal, between the rings snd casing are provided by 
\j rmas . 



8> 




* 



map 



I 



Information 





* '•' • V . - ■ , - 

In the maintenance of mechanical ff^als, the operator should/toake certain th.at 
} Yne pump is never operated without being filled with liquid. * ; All air should be 
♦vented from the seal housings before starting the pump. ^ A flow pf . cooling 
liquid must be kept over the seals. Mechanical seals \ia$ leak due to scoring,^ 
grooving, distortion, misalignment or vibration. * Manufacturers ' instructions^ 
should be c3refully followed in -maintenance of pumps with' mechanical sea^lsV » 
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Mating ring 



S$ohng ring 

Rotating Seal 




Shett 



Bearings 



Stationary Seal 



Sleeve or shell bearings should be oiVl lubricate^ by drf$ lubricators. Ball or 
roller bearings aay p be lubricated by/oil or grease. Ball or roller bearings 
should be lubricated with a high* grade of lubricant and should never % be 
overlubricated. They should bo cleaned and lubricated on a regular,, , scheduled 
basis. Ball bearings are also called anti-friction bearings. . * 



;• eric 



« 



121 



iN§tAUf?ri8WAL'LEAnHIH(3^ 



STtMo 




X 




«8 






* Read p^ge§r«7-32 in supplementary referenc 

* Complete the jot sheet, 
, «* Complete the self-assessment and check answers with^answer sheet, ■ 

3 *• Complete the post^assessment and have instructor check your, answers. 
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Job Sheet 





COMPLETE AN HOURLY *CHECK OF AW OPERATING PUMP # 

* t 

* Check the following : " * 

-"' Check bearing temperature? by hand y 

- Check suction pressure 

- Check discharge pressure 

- Checle lubricating oil pressure and temperature 

- Check leakoff on balancing disc ^ 

- Check, stuffing box leakotf v • < 

- Check cooling water flow » 

- Check cooling water inlet and outlet temperature v ' . ' « 

- Check amperage of driver motor 

- Check recirculation or bypass control . . "■ • ' ■ 

* List those problems tKat need to be corrected. Keep a written list of your 
readings. 

. +> « 

* Ask instructor to validate your findings in regard to the ^maintenance problems* 



of the pump. 



* Discuss (with instructor) the best ways to correct problems, 



*■ ** 




"Milium i naiip i 



INSTRUCTIONAL LEARNING SYSTEMS 




Assessment 





Indicate whether the following pump items should be part of an hourly, monthly, 
quarterly, semi-annually or annually, operations check for preventive 
maintenance. 

1. -/Cooling water flow 

2. Stuffing box leakoff . 

3. Bearing temperatures by thermometer 
A. Bearing temperatures by hand * 

5. Clean and change' oil in sleeve bearings ^ - 

6. Renew packing itt stuffing boxes 

7. Check grease , packed bearings 

8. Measure bearitigs for w^ar 

9. Suction pressure 
10. Amperage of driver motor 
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* 

# self Assessment 


— — — 

# 




An ciA/Arc 

#\f DWCI a 








1. Hourly 

2. Hourly 

3. Monthly ' 

4. Hourly 

5. Quarterly 

6. Semi-annually 

7. Quarterly 

8. Quarterly 

9. Hourly 
10. Hourly 
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•Post 

Assessment 





7 



1. Packing rings are held in a stuffing box by the 

2, Sealing liquid is supplied to packing (on some puirtps that pump or. 
.gritty materials) 'by a. > ring. 



3. Pump packings should be replaced every 



4. List two types of mechanical seals. 



Mnonths, 




5. \|hen are mechanical seals used? 



6. A seal is provided between fehe rings of a mechanical seal artG the pump 
• casing by rings. 



7. 



8. Shaft 




itself . 



bearings are also called anti-friction bearings. 



are used on large pumps to reduce wear on the" shaft 



9. A complete dismantling of a pump. v is often a part of the j_ 
operations check. 




10. Wear rings are usually made of 



or 
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Instructor 
Vost Assessmept 
Answers 




1, Gland 



2. Lantern 



# 



3/ 3-6 months • ' . 

' ■ { 

4. Rotating and stationaty 

5. When pumping gasoline or^acid and excersive leakage is a probler.i 

•' » * 

'&. '"0" rings 1 

.v. 

7. Ball "i 

\ 

\ \ 

8. Sleeves V 

9. Annual ^ 



10. Bronze or cast iron 
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*) Correspondence Course. Power Engineering, Lecture 9. Section 2, 
First Class. t Southern Alberta Institute of Technology. 
Calgafy, Alberta, Canada. 4 >. ? 
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SOUTHERN ALBERTA INSTITUTE OF 'TECHNOLOGY 
CALGARY, ALBERTA 



Correspondence Courses , 
Power Engineering 



SECTION 2 



13.1 
13.2 
13.4 

13.6 
13.7 



STEAM GENERATION 



POWER PLANT PUMPS 



Fir&i, Class 
Lecture 9 



, The purpose of a pump is to impart energy to a fluid in order to move it 
from one point to another^ Because of the many purposes and variety of services 
for which a pump* is required in a power plant it can be regarded as the most 
widely used item for power plant auxiliaries. Examples of pump applications in 
the power plant are: * boiler circulating pumps, feedwater pumps, fuel-oiTpumps, 
chemical feed pumps, condensate pumps, circulating water pumps, and vacuum 



pumps. 




P^jVlP CLASSIFICATION 



Pumps can be classified, according to their method of operation, as 
jr cciprocating , centrifugal , and rotary . r 

1. RECIPROCATING PUMPS . ' 

Reciprocating pump^p are positive displacement pumps which Use the 
reciprocating motion of pistons, plungers, or diaphragms to move the fluid 
throughlhe pump. The ability of the reciprocating pump to produce high pres- 
surt;s aBicloscly controlled flbw makes therrj particularly adaptable for such 
applications as chemical feeding. They are also used as boiler feedpumps in 
small installations where moderate capacit^s s and high pressures are required. 
In addition, fuel-oil pumps are frequently ^he reciprocating type. 

The following sections discuss and illustrate some commonly uffed types* 
of reciprocating pumps. - 
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1. Direct D.riven Duplex 



- 2 - 




/. siram rhest 
^. slide vulvr 
.1 piston imps 
steam f eyliuder 



6 S drain cork 

t>. M ulliiitf box 

7. nadir 

S, piMmi tod 



!). discharge valve 
/fl. MU.Ium valve 
//. line r 

J J. pucking iin^ 



13\ liquid piston 
/l.^imiid cylinder 
16. cUsHjinrgG port 
ML suction poit 



Horizontal Duplex Pump Cross-Section 

(Worthington Corporation) ' ' \ r 

Fig- 1 ^ 
* « 
The duplex pump*in Fig. 1 uses drive pistons operated by steam or air 
to drive the pumping pistons. The two pumping pistons, which are double-acting* 
are arranged so that their operation overlaps and when the output from one 'piston*.' •'. 
reaches zero,, the output from the other piston will be at a maximum. This 
arrangement tends to smooth out the puls-ating discharge inherent with recipro- 
cating pumps. 

Direct driven pumps have good efficiency over a wide range of capacity. 
However, they are usually high in first cost and require a large floor space 
and superVision during operation. . , 

2. Direct Driven Simplex 

The simplex pump shown in Fig. 2 is another type of direct driven pump. 
It features one driving piston and one double acting pumping piston. Due to the 
single pumping piston, the discharge of this pump is more pulsating than that of 
the duplex pump. v 
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Steam piston 



s ^am cylinder 




Vilve pear lever 



Exhaust stop valve 

Steam stop valve* \ 



Valve chest for mam and 
auxiliary valves 



Auxiliary valve rod 



• Vertical'Weir Boii'er Feed Pump 
''' Fig. 2- 

, Simplex pumps may be vertical as in Fig, 2 or they may be the horizontal 

X. type. Their advantages and disadvantages are much the same as those of the 
' duplex pump. The vertical simplex however, has the added advantage of not 
requiring a large floor space and in addition will not be subject to the same 
cylinder and^ston wear as the weight V the piston is not carried by the cylinder 
wall. ' * ,* • ' c • /~t=> - ' 
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3. Power Driven Pumps 



Power pumps are those which have the pumping pistons driven by an exter- 
nal power source through a crankshaft. The power source is usually an electric 
motor but internal combustion engines are ulso used. . ■ „ 

v"« • , 

Normally the power pump is driven at constant speed and therefore pro- 
duces a constant flow rate over, a wide range of discharge pressures All power 
pumps should be equipped.with relief valves on the discharge to prevent damage 
from overpressure which could occur if the discharge valve was closed during 
operation or if the discharge was blocked for some reason. 

Fig. 3 shows a motor driven power pump having three single aetine 
cylinders. The term "single acting "is usexJ because water is discharged from * 
each cylinder on the downstroke only as oppoied/S a double acting pump which 
discharges during each stroke, ' , 



* 
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The drive is supplied to the three cylinders through an overhead crank- 
shaft, gearing and belt. Because of the three cylinders, this type is called a 
triplex pump. * * 
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v4. Diaphragm Punfps 



> 



. Diaphragm pumps, differ from piston type recipreeating pumps in that the 
fluid being pumped is completely isolated by, the diaphragm from the reciprocating 
mechanism thereby eliminating leakage and contamination problems 

The diaphragm is a flexible membrane which acts as the liquid displacing 
component. It may be made from metal, plastic or more elastic materials such, 
as rubber depending upon the particular application. \^><D 

The diaphragm may be actuated mechanically or hydraulically. The 
mechanically operated type is limited to discharge pressures below 850 kPa 
because of the stress developed in the diaphragm. The hydraulic type uses a 
fluid to move the diaphragm. This method develops an even pressure over the 
entire surface of the diaphragm resulting in lower stresses' and allowing higher 
discharge pressures. 




Mechanically Actuated Diaphragm l^mp ' 

• y^-A: '. ' ; ' • ."• 

A m<^^htcally actuateV diaphWltfni pump appears in Fig, 4. The dia- 
phragm D which is of rubber oj%ynthetic rubber is connected to the piston V by 
means of the disc 13. An eccentric is used to produce the reciprocating -motion 
which flexes the diaphragm causing puni[)ing.to'occur. Discfo^ge' pressure in 
this pump is limited to 350.kl»;i* " ' 



Hydraulically Actuated v 
% ..-v if - Diaphragm Pump ♦ 

. V Fig. 5 

"!"T"hU hydraulic type of diaphragm pump shown in Fig. 5 is suitably for 
j <lis( harge pressure to 2000 kPa. The diaphragm I) is caused to flex by nve;uis of 
'a hydraulic fluid contained in the space between the piston P and the diaphragm, 
'/t he pist^rws driven by an eccentric and when it moves upward it produces a 
hydraulic pressure on the diaphragm causing the diaphragm to move to the left. 
When the piston moves downward, a vacuum is formed and the diaphragm moves 
to Ibe 1'ight. In this way a pumping action is produced in the chamber to the left 
«d Ih^yliaphragm and the liquid being pumped is drawn in. through the suction 
valve :;tnd discharged through the discharge valve. 

/.v f Diaphragm pumps are well suited for use as controlled, volume or meter- 
Jngvptunjis as their capneity can be adjusted by varying the stroke length or the 
s t)r<>ke fr.equenccv. 



2. CENTRIFUGAL PUMPS ■ . ...'.'* 

A* centrifugalpump may be defined in a general way as a pump which uses 
centrifugal foro^o develop Velocity in the liquid being handled, which velocity 
being consequently inverted to pressure? The centrifugal classification, how- 
ever, can be subdivided ^into the following types: volute, diffuse, aXial flow, 
mixed flow, , and regenerative. ♦ 




Volute casing 



Volute Centrifugal Piwmp 
Fig. .0 

-The general construction of the volute centrifugal pump is sketched in 
Fig, 6, The liquid being pumped is drawn into the centre or' ; eyc of the impeller 
and is discharged from the impeller periphery into a volute or spiral casing 
which has a gradually increasing cross-sectional a*ea. This volute casing con- 
verts the velocity energy of the liquid created by the impeller to pressure energy. 
This pressure varies around the circumference of the volute and causes a radial 
unbalance or thrust whi6h may be sufficiently large to cause vibration and shaft 
deflection. Because of this some pumps use~twin v<Shites which are located s,o 
that they are diametrically opposed, thus balancing the radial thrust, ■ 



Volute pumps may be either single or multistage design* In general, 
jingle stage pumps are used for headsjof l2o m or less while the multistage 
''design is usually necessary for .heads of above 120 m. 



2. Diffuser Pumps 




Discharge 

Stationary diffuser ring 
Diffuser vanes 



Impeller 



Volute casing 



^ Diffuser Centrifugal , Pump ^. 

Fig. 7 

The construction of a diffuser centrifugal pump is sketched in Fig, 7 # The 
diffuser pump features guide vanes or diffusers located between the immjilcr rim 
and the caging. The high velocity energy of the liquid leaving the impeller rim 
is Converted to pressure energy as the liquid passes through the diffuser vanes, ■ 
As these diffuser vanes ar»e spaced uniformly around the impeller circumference ' 
there is no radial unbalance developed, . In addition, in the diffuser pump the 
velocity energy of the liquid is more eotnpletcyJy converted into pressure energy 
than it i$ in the volute pump. As a result, the diffuser pump is commonly used 
for high •capacity, high pressure service,. * 

"S 
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3. Axial Flpw Purnps 




Inlet 



Vertical Axial Flow Pump 

Fig. 8 . 

Axial flow pumps, also referred to as propellor pumps, use i millers 
with blades similar to thosp of an aircraft propellor. The pump head is afcyeloped 
by the propelling or lifting action of the blades on the liquid. 

The arrangement of the pump is usually vertical as in Fig. 8 but horizon- 
tal and inclined shaft arrangements are also available. For the smaller pumps, ' 
fixecUiladQ typq impellers are used but larger pumps may use ^pelleimwith 
adjustabWor variable-pitch blades which can be used to maintain efficiency at 
loads which differ from the design tyad. 
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Axial flow pumpshave the advantages of compact size and ability to oper- 
ate at high speeds while their disadvantages include low suction lift capacity and 
relatively low discharge head capability. They are used mainly for low head, 
high capacity applications and are available in the single stage design or the multi- 
stage design as in Fig. 8. 




4. Mixed Flow Pumps 



Mixed flow pumps combine some of th^ characteristics of the volute and ' 
dtffuser pumps together with some axial flow pump features. The head developed 
by this pump is produced partly by centrifugal force and partly by the lift of the 
impeller vanes on the liquid. . 



% lrnp«Hcn 



■Volute casing 




r Mixed Flow Pump • « . 

The mixed flow pump shown in Fig. 9 has a single inlet impeller with the 
flow entering the pump in an axial direction and leaving the putnp in a direction ' 
somewhere between axial and radial. 

0 Although the mixed flow pump in Fig. 9 is arranged horizontally, this type 
of pump, like the axial flow type, is frequently arranged for vertical operation. 
With the vertical arrangement the pump can be placed directly in the suction well 
and thus be primed at all times. 

Like the axial flow pump, the mixed flow type is used mainly on low head, 
high capacity service and like the axial flow pump it may be fitted with variable 
pitch Impeller vanes. ! 
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5. Regenerative Pumpa 




100 kl'a- 



; Impeller 
vanes 



301) kPa 



'••-200 kFa 




Turbine Pump Casing and Impeller 
^ Fig, 10 

The regenerative pump, or turbine regenerative pump as it is also called, 
features an*impeller having a double row of vanes cut in the rimwis illustrated in 
Fig. 10. The liquid being pumped enters at the periphery of the pump and circu- 
lates almost 360 degree^ before being discharged at the periphery. 4 

t 

The impeller vanes travel in a channel in the pump casing atfti as the impeller 
rotates, the liquid being pumped recirculates between the impeller vanes and re- 
ceives a number of impulses from the vanes. This series of impulses has the 
same effect as multistaging in a centrifugal pump and the liquid pressure will 
increase uniformly around the pumpuperiphery from suction to discharge* 



*The regenerative pump can develop several times the discharge pressure of 
a centrifugal pump having the £ame size and speed. The head produced may be, 
in the range of 550, kPa or higher depending on flow and design. A relief valve 
should be installed on the discharge line as excessive nressure can be developed 
if die pump is operated against a closed discharge. , 

' s 

The shaft speed in this type of pump may be as high as 6000 rev/min in some 
units. However, clearances aVe close and rapid wear will occur if the pumped 
liquid contains any abrasives. ♦ * . \ 
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Although the efficiency of the regenerative pump is low, its compact size 
y and low mass can be considered advantages.. It is best suited for low capacity, 
^high pressure service and this type is often used for boiler feed pumps for sma} 

boilers, condensate return pumps, liquified petroleum pumps and for pumping 

refrigorants. 

3, ROTARY PUMPS 

• « 

Unlike the centrifugal pumps discussed previously, rotary pumps are 
positive displacement units. Instead.of imparting high velocity to the liqfuid dijie 
to centrifugal force as in a centrifugal pump, rotary pump^ trap the liquid anc 
push it around A closed casing to the discharge. However, due to their rotarj 
characteristic/ they do produce a continuous and smoot^ flow like the centrifugal 
pumf) and unlike the other positive displacement pump, the reciprocating. 

/ 

A great variety of rotary pump designs are in use, a few of which are 
described as follows. > w 



1 . Spur Gear Pump 



/A 




Gear ^ Pump < 

The spur gear pump shown in Fig. 11 consists of a housing containing two 
g#,irs, the driving gear at the top and an idler <or driven gear at the bottom. 



(V 



( 



As the gears ^rotate, the liquid is trapped between i their teeth and the 
easing and is carried around to the discharge. The meshing teeth prevent escape 
of the liquid bacR to the suction. 
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The top or driven gear is keyed to a shaft which may bo driven directly by 
an eloctric motor or indirectly by mqans of belting or gearing. 



The spur gear type is generally used as a high pressure pump for low viscosi- 
ty liquids. They are designed 1 for speeds not exceeding 600 rev/ipin and for pres- 
sures up to 10 000 kPa. (Capacity is, not usually above 450 litres per min. * 

2. Lobe Pump - ^ \ » 



( 




\ ■ 

\ 

\ 



, Lobe Pump 



<4 
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The lobe pump in Fig. 12- uses two rotors, each of which has three lobes. 
The rotors arc synchronized and driveri by external gears and as they turn, the 
liquid is traj)ped in pockets fqrmed by the lobes and the housing and is carried 
around and forced out the, discharge. *. 

Clearance between the lobes, ;uul between the lobes' ;md the housing must be 
kept to a minimum to prevent leakage and maintain efficiency. 

• , / 

The lobe pump is suitable for capacities up to 12 000 L/min and heads of 
up to 70 nr. * 
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3, gliding Vane Pump 



4 




i 1 



Sliding Vane Pump 

j In the sliding vane pump f Fig. 13, t tJ?e rotor, which is off centre with the 
housing, contains a number of sliding var\es/ These vanes are free to move rad- 
ially within the rotor antt tend to move out against Tfhe housing due to centrifugal 
force. As the rotor turns, the liquid is trapped between the vanes a^id the housing 
arid is carried around to the discharge.^ 

This type of pump can be built for pressures up to 7000 kPa when operating 
at 1200 rev/min. \ 

^ '"'fie / 
There are several other different' designs of sliding vane pumps. In one 

type the vanes are held in position by spacer rings that are concentric witj^the 

casing. In another type the vanes are pushed out agrUnst the easing by liquid 

pressure which is bled into the spaces behind the, vanes. / 



4. Screw Pump 





) ... . 
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( Xhcscrew pump in F%<. 14 features a power rotor situated between two idler 

roVors . The liquid is drawn into both ends of th^rotor where it is trapped in the 
pefckets forgrcOy the threads. The liquid is^fried along between the screw 
threads along the axes of the screws as ip^M'crew conveyor. The idler rotors are 
drivei^y liquid pressure and there is no metal to metal contact between idlers and 
power'rotor. This design may operate at pressures up to 7000 kPa and at speeds ;. 
up to 7000/ rev /m in*. 

\ ° - . * 

f'UMP APPLICATION <* ■ 



As mentioned previously, somefexamples of pump applications in the power 
plant are: boiler circulating pumps j feedwater pumps, fuel -oil pumps, chemical 
feed pumps, condensate pumps, circulating water pumps, and vacuum pumps. 
These applications will be discussed briefly in the following sections. 

I ■ . ' ■ •■' • ■ : 

I. Doifcr Circulating Piimps 

Forced Circulation boilers, such as those described in Lecture 1, Section 2, 
require a pump or pumps to produce the flow through the boiler tubes. This is 
necessary for boilers operating at and above the critical pressure and this method 
is often used' for boilers operating above 14 000 kPa. ••••--**'.•« 

Two types of boiler circulating pumps are in common use; the conventional ; 
drive type, and thq submerged motor type. 



Conventional Driv^ Type 



This type usually uses an electrir moty#r although steam turbines are some- 
times used. The oYiver is connected to the pump shaft by means of a flexible 
coupling. and the pump itself may be either a single-stage or two-stage volute type 
centrifugal. » ■ . 

• In industrial applications where pressures ;ind temperatures -tfc not execs J 
sively high, the pump shaft is sealed by mean's of a packing gland or a mechanical 
seal. In central station practice, however, where pressures ;ind temperatures 
are higher, a special type of shaft seal is used and this seal is shown in Fig. 15. 
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Boiler Circulating Pump Seal 
(Combiistion Engineering) 



In this type of seal a sealing water labyrinth is used between a throttling 
bushing and 4fie soft packing. The scaling water for this labyrinth, however, 
cannot be* taken from the pump casing because this high temperature water would 
flash in the seal and erosion would result. Therefore, cooler high pressure 
irijection water is taken from the boiler feedjmmp discharge before the final 
feedwater heaters when the water is at a temperature and pressure suitable for 
the seal. , T 



Submerged Motor Type { 

Two designs of submerged motor pumps are used. One design, known as 
the wet type, has the motor housed within the same casing as the pump proper. 
The pumped liquid surrounds and contacts the stator, the rotor, and the bearings. 
Waterproof insulation is used for the windings 'and the material used is usually 
polyvinyl chloride. '</.•• ' 
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The other design of submerged motor pump is the canned motor type , 



illustrated in Fig, 16. 
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Canned Motor Pump 
4 (Combustion .Engineering) 

Fig, 16 



/ 



In the canned motor pump the pumped liquid is allowed to enter the motor 
casing but contact with, the stator and rotor is prevented by means of sealing 
jackets or 'cans. High pressure cooling water is circulated through the space 
between the stator and rotor cans by means of an auxiliaryimpeller on the motor 
shaft. This high pressure water then passes through an external cooler where it 
is cooled by means of low pressure cooling water. 

' In the submerged motor pump, a thermal barrier is required to retard 
the flow of heat from the pumped water into the motor portion of the pump This 
barrier, in Fig, 16, is located immedfately above the main impeller and con- 
sists of a -close fitting sleeve arid bushing with an extended surface 
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2. Poller Feedwaty Pumps 

The ty\>e of pump used for boiler feedwater service depends largely upon the 
capacity andt>ressure of the boiler which it serves. In general, feedwater pumps 
are either theWeciprocating type or, more commonly, the centrifugal type. t 

. Reciprocating Feedwater Pumps * * 

The direct steam driven reciprocating pump is generally limited to plants 
having a capacity of 100 000 kg per hour and under and pressures less than 2750 kPa 
and for this type of service either the horizontal or the vertical design may be used. 

Steam driven pumps have the unique advantage of being able to vary their ca- 
pacity from zero to maximum indflflfendent of the discharge pressurefptus the 
ability to vary their discharge pressure from zero to maximum independent of the ' 
capacity, • ' •- 

Power driven reciprocating pumps are sometimes used in feedwater service 
in medium pressure plants and in high pressure plants may be used to supply fecd- 
water to the desuperheater . 

When used for high pressure, high temperature service, reciprocating pumps 
are subject to increased wear on valves, seats, cylinders and pistons* 

P^wer driven pumps cost more than direct steam driven types and are more 
compact than the horizontal steam pumps. The stearrV driven pumps have high 
reliability and low maintenance costs but unless the exhaust steam can be used 
for feed heating or process they are less economical than the power driven types. 

i 

Centrifugal Feedwater Pumps 

Medium and large-sized plants u&e centrifugal type boiler feedwater pumps 
of either the volute or the diffuser design. The regenerative pump, which also 
can be considered as a type of centrifugal pump is frequently used for feedwater 
service in small low pressure* plants . 

The volute and the diffuser pumps may be of the split case design for serv- 
ice up to 10 000 kPa- Above this pressure, tbe'baffel type. of casing (^nor- 
mally en^ployed. . - : . V \ J * < . ; - 
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Horizontal Split Case Pump 
(DeLaval) 



Fig. 17 

' 1 , 1 

The split case pump in Fig. 17 contains six stages' and is suitable for 



pressures in th*e range of 8000 kPa. 
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Barrel/type /Pump (Allis-Chalmers) 
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Fig. 18 
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/ j Barrel Pump Casing Arrangement 

Fig, 19 

A multi-stage pump such as that shown in Fig. 18 and Fig. 19 must be 
. equipped with some device to provide axial balance, A single-suction impeller 1 
; is subjected to axial hydraulic thrust caused by the pressure differential between A 
its- two faces. A multistage pump with all its single-suction impellers facing in 

one direction generates a hydraulic thrust equal to the sum of the individual 
impeller thrusts. To counteract this total thrust a balance disc and throttle 
sleeve may be used and this arrangement is sketched in. Fig. 20, 
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Balance Disc and Sleeve 
(Allis-Chalmers> 

gft. 20 



Rei^rring to Fig 4 20, the radial clearance at the throttle sleeve remains 
eonstairt while the axial clearance at the balanoe disc face varies with rotor 
position. At startup, the diffcrentiatlT i es Huf e created by the impellers will move 
the rotor to the* right or suction end of the pump. This movement simultaneously 
^reduces the axial clearance at the balance disc face, causing a prcssyre increase 
in the intermediate relief chamber, forcing the balance disc and rotor towards the 
left until the proper balance of pressures and forces is established. Conversely, 
movement of the rotor to the left will increase the axial clearance, reducing the 
pressure in the intermediate relief chamber until normal balance is achieved. 
The disc, with an area larger than that of the unbalanced area of the impellers 
overrides the impteller thrust and maintains a precise clearance to provide pres- 
sure breakdown and axial balance, ft is sized so as to maintain balance under 
maximum possible loading and even with wear, is self adjusting.' The system of 
balance is unaffected by varying the ^umber of stages or by Changes in impeller * 
diameter, . • 




.14,* 



A spring loaded Kingsbury type thrust bearing is employed only to locate 
the rotor axially during startup, shutdown and dufTRg transient operating condi- 
tions. In .normal operation, the thrust bearing does not supplement the balance 
disc. ' 

The leak-off from the relief chamber should not be retu^ied to the suction 
.of the pump as this may cause flashing at low flows. Instead the leak-off shouldj^ 
be piped to an open heater ahead of the pump. There should be no valve of any- 
kind between the leak-off connection and the open heater, 

3; Condensate Pumps 

% ' m ' 

In power plants where low pressure steam is produced for building heating, 
a common arrangement is to have a unit which serves as both condensate pump 
and boiler feedpump. The unit usually consists of one or two single stage centri- 
fugal pumps arranged to take their suction from a receiver tank into which the 
'condensate returning from the system flows. The condensate pumps discharge 
directly into the boiler or boilers. 

Although centrifugal pumps are most frequently used for this service some 
rotary, regenerative, and reciprocating designs may also be used. 

In high pressure ^team plants which supply steam to condensing turbines, 
the pump which removes the condensate from the condenser is known as a con- 
densate or extraction pump. This pump, which usually discharges through low 
pressure heaters to a deaerator, must'be of a special design having a low suction, 
/hehd requirement. This is because the turbine condenser is usually located in 
the power plant basement and the condensate pump c/nriot be supplied with much 
suction head without raising the qondenser or installing the pump in a pit. 

Centrifugal pumps are used for this type of service and, because the con- 
densate^ is near the flashing temperature, the pump first stage impeller is designed 
with a large inlet or eye which reduces the possibility of flashing and cavitation. 

Either horizontal or vertical centrifugal pumps hiay be used. The vertical 
type is often favored as it canlt»e set into a pit in the base men t'flooi} and in this 
way obtain a few metres of suction head. Fig. 21 shows a multi-stage conden- 
sate pump of the vertical type. \ , 

■. (>.•' > 
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Vertical Condensate Pump 
Fig. 21 



The shaft glands of condensate pumps must be water sealed to prevent air 
leaking into the pump and the pump vent must lead to tho condenser as the pump 
s>J is under condenser pressure when standing idle on starfdby duty. The usual , 

arrangement as to the number of condensate pumps installed is two 100% capacity 
pumps, one in service and one standby. Alternatively, three 50% capacity pumps 
may be insta j^ in Pl ants which operate at low loads frequently. 

4. Circulating Water Pumps 

Circulating water pumps are required to movte large quantities of cooling 
water through the turbine condenser. 

z They are generally of the low head, large volume type featuring low speeds 
and single stage design. Both the vertical and the horizontal pump design may be 
used for this service. The horizontal type used is usually! volute centrifugal 
pump employing either a single or a double inlet. Vertical designs favored 
include the volute type, the propeller type, and the mixed flow type. 
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A propoller type circulating wajter jplump is illustrated in Fig. .22. 
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Propeller Type Circulating Water Pump 
(Westing house) 

Fig. 22 

Frequently two 50% capacity pumps are used for circulating water service 
as at times of partial turbine load it is economical to run only one pump rather 
than both. This practice is also feasible during cold weather when, because of 
the low temperature of the circulating water, the capacity of one pump is sufficient 
even at full turbine load. 
♦ 
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5. Miscellaneous Pumps " 

Under this heading can be included fu61 oil pumps, chemical pumps', 
vacuum pumps, and ash handling pumps. f 

Fuel oil pumps arc usually some form of rotary positive displacement 
type. This type requires a relief or bypass valve to protect the pump and dis- 
charge lines from excessive pressure in the event that flow is restricted. Direct 
acting steam driven pumps are sometimes used for fuel oil service in smaller 
plants while in large stations centrifugal fuel oil pumps may be used. 

> ■ ' i 

Chemical feed pumps are usually the motor driven reciprocating plunger 
type, 'the capacity, or volume pumped, of this type can be varied by adjusting^ 
the stroke of the pump and in this way the amount of chemical fed to the boiler 
can be closely controlled/ This type of jlfcmp should also be equipped with a 
relief valve on the discharge in order to avoid damage from over pressure. 

Vacuum pumps which remove air and noncondensable gases from the 
turbine condenser may be the positive displacement type or the jet type. The 
positive displacement type may use a reciprocating pistflo or its design may 
feature a rotor with lobes or vanes. The jet pump utilizes a jet of high pressure 
steam as its operating medium and this high pressure steam may be applied to 
two or three stages in order to compress the air and gas from condenser pressure 
to atnr^pheric. 

Ash handling pumps; \vhiph have to pump asll laden water, are usually 
single stage centrifugal using flat bladed impellers. Wear resistant alloy is 
used for their construction. 

PUMP DRIVES 

I*umps may be driven^} any type of prime mover but the most common 
driver for pouter plant pumps is the electric motor. Steam turbines are favored 
under certain conditions while internal eorpbustion engines, steam engines and 
gas turbines may occasionally be used for a power plant pump. 

4 

1. Electric Motors 

The most simple arrangement for pump drive is to use a constant speed 
induction motor directly connected to the purr\p. This method can be used with 
centrifugal, rotary or reciprocating pumps* 
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<» Another constant speed driv.er is the synchronous motor which is not only more 
efficient than the induction motor but which cun be used to improve the plant power 
factor, 

A wound rotor induction motor may also be used for pump drive with the 
advantage of controlling pump output by speed variation. They are jjften used for 
pumps which are required to opoAUe at reduced output only periodically. 

t 

Speed variation may also be obtained with a constant speed motor by means ■ 
of a variably speed fluid or magnetic coupling. This method is often used for boiler 
feedpumps. 

2. Steam Turbines . . 

The use of a steam turbine as a pump driver provides the advantage of simple 
speed control plus the possibility of economical use of exhaust steam for process 
or feedwater heating. Usually such a steam turbinjr^S used to drive a centrifugal 
pump but occasionally is used for rotary pumps and even reciprocating pumps. 

For fcudpiunp service in large central stations the steam turbine is preferred 
„.whcn kW requirements exceed about 5500. Various arrangements may be used in 
.regard to the number of feedpumps required. In some plants three 50% capacity 
pumps are installed and at full load two pumps would be in service and one on' 
standby. Other plants use onAy two 50% capacity pumps and in this case failure 
' of one pump at full load would mean reducing load to half. Another method used 
by many large plants is toiravo only one 100% capacity pump which is required to 
have the same reliability as the turbo-generator itself. In the latter ease, the 
feedpump turbine for a 1300 mogwatt turbo-generator would be in the range of 
1 50 MW. 

Another method used in some large generating pl.ints is to connect the feed- 
pump through a variable speed coupling to the shaft of the main turbine or generator. 

3. Steam Engines, I.e. Engines, Gas Turbines 

The only steam engine driven pumps found to any extent are the direct acting* 
steam pumps such as the duplex and simplex types. The*uj, are used in some power 
plants for feedwater service, fuel oil service, etc. 




• 154 



a Internal combustion engines are frequently Uflfcd for portable pumps and * 
for emergency fire pumps, / 

AlthougH gas turbines are becoming popular for a variety of pump drive 
services such as petroleum pipeline pumping, they are seldom used for auxiliary 
power plant pumps. s 



PUMP INSTALLATION, OPERATION, AND MAINTENANCE, 

In order to ensure satisfactory operation, considerable attention must be 
paid to the installation of the pump. The unit should be located where it is easily 
accessible for repair! and insp^tion and sufficient headroom should be provided 
for removal of casing and rotor. In the case of a reciprocating pump, enough . 
room should be provided for the removal of pistons and rods. The location 
should be as near as possible to the source of liquid supply in order that a short 
direct suction line cap be used. Similarly, the discharge line should be short 
and direct with a minimum of elbow^ and other fittings so as to reduce friction * 
losses. The piping should be supported independently of the pump to avoid strain 
on the casing and if an expansion joint is used in the piping there should be an 
anchor installed betweerfthe pump and the joint, 

j 

If the pump is to work on a suction lift then a foot valve should be installed 
in the suction line and this valve should have a flow area at least equal to that of 
the suction line. 

A suction strainer should be installed having a flow area of three to four ' 
times that of t the suction line. 

I ! 

A gate valve*aj|id check valve should be installed in the discharge line close 
to the pump with the cheek valve between the gate valve and the pump. If the 
pump is a positive displacement type then a relief valve should be installed in the 
discharge line as clos)e to the pump k as possible and before any check valve or 
stop valve. 1 



* In the case of k reciprocating pump where a surge chamber may be re- 
quired on the suction i>r discharge line, provision should be made to keep the 
surge chamber charged with air and a water level gage is desirable in order to 

check on the amount ojf air in the chamber. 

; t 



' The foundation upon which the pump is to be placed should be heavy enough 
to absorb vibration and to provide adequate support for the pump base plate. Be- 
, fore the fouridation'concrete is poured, the foundation bolts shouhlbe located by 
means of a template and placed within pipe sleeves that are several sizes larger 
than the bolts. , - 

If the pump to be installed is a large expensive unit, it is advisable to 
objflrin the services of the manufacturer' s erection engineer to assure proper 
installation and alignment. * i 

If the pump and driver are mounted on the base plate when received from 
the manufacturer then the coupling halves should be .disconnected and the units 
should be aligned after installing the base plate on the foundation. The base plate 
should be set on metal shims or wedges with a gap of about 25 mm between the 
base plate and the foundation for grouting. The metal shims should be adjusted * 
until pump and driver shafts and suction and discharge flanges are level. 

The flexible coupling between pump and driver is not intended to absorb 
misalignment but rather to compensate for temperature changes and to allow for 
some end play. 

The coupling faces should be spaced far enough apart so that they do not 
contact each other when the driver rotor is pushed toward the pump as far as it ^ 
will go. Also space must be allowed for eventual wear of the thrust "bearings. 

The pump and the driver may be misaligned angularly with the shafts con- 
centric but not 'parallel, or they may be rrmwdigned with the shafts parallel but 
not concentric. 

* 

A check for angular alignment is made by inserting a taper gage between 
the coupling faces at four points spaced at 90 degree intervals around the coupling. 
The coupling faces should be the same distance apart at all points for correct 
angular alignment. 

• 

' Parallel alignment is checked by placing a straight edge across both 
coupling Dims at the top, bottom, and both sides. The. straight edge should rest 
evenly on the coupling rims at all positions. 

Any misalignment, either angular or parallel can be corrected by insert-' 
ing shims under the driver feet. 
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When the pump driver is delivered separately to the site and is to be 
mounted on the pump/base plate in the field, then the base plate with the pump is 
set on the foundation and levelled with shims leaving a space fo» grouting. The 
driver is then placed on the base plate so that the coupling faces are the correct 
distance apart, /The pump and driver should then be aligned as described pre- 
viously and the/holding down bolt holes for the driver marked off on the base 
plate. The drive* is now removed and the bolt holes drilled and tapped. The 
driver is then repfcced on the base plate, the bo/ts are inserted and tightened 
after re-aligning the driver and pump. * "jh 

** . • ■ " 

When the alignment of pump and driver is correct, the jinit can then be < 
grouted in. 'The base plate is co/hplefely filled with grout, with the levelling 
shims and wedges left in place. After the grout is hardened, about 48 hours < 
after pouring, the foundation bolts can be fully tightened and the alignment 
checked once more. • ' • . ' 

The alignment should be checked again after th* piping has been connected. 
The unit should then be operated under normal conditions until temperatures have 
reached opening condition then the unit should be shut down and alignment 
checked once more, v- 

A final alignment check is made after the unit has been running for one 
week and then the pump and driver can -be dowelled to the base plate. 

Before the pump is put into operation, the stuffing boxes should be in-' 
.spected. These are usually packed by the manufacturer before shipping the* 
pump. If the stuffing boxes are not already packed then they should be cleaned 
and packed. If the Hquid to be pumped is dirty or corrosive then the stuffing 
boxes should be sealed with a clean sealing liquid from some other source.' The 
packing shoujd be quite loose whim. the pump is first started arid" later tightened 
carefully. There should be a slight leapkage" from the stuffing box during normal 
running. ► . 

- 1 - - 

If the pump is equipped with mechanical seals then the manufapturer' s 
instructions regarding these must be carefully followed. 

'• . ' " 

Sleeve bearings should be cleaned thoroughly before starting the pump and 
should be filled withUhe proper lubricant. When the pump is running, .the bearings 
should be chocked to see that the oil rings are turning and the bearing temperature 
Should be checked frequently until the pump is run in. ' ' / 



« 



( / 

% 



If the pump is oquipped'with a Kingsbury -type thrust bearing, make sure that 
enougfc oil is^supplied to protect the thrust shoes before's'tarting t'he pump. 

: " ' . / .• : ' v' ■ ; ■' , 

Anti -friction bearings should not be> overlubricated and only the bost grade of 
' lubricant should T?e used. They should be cleaned and lubricated at '"the required 
intorvals. * . • » 

•" •' r., . ' • . ^ 

Before the pump unit is started" for tye first time, it should/ be checked for 
proper direction of rqtatio^.. w * *T ' c) 

* . ■ 

Centrifugal pumps must be u primed before starting and priming is recom- 
mended for rotary and reciprocating pumps as well. Priming can be done by 
means of an ejector or exhauster, driven by steam,' compressed air or water 
... pressure, which removes air from the pump and suction line. This method does 
not require a foot valve/ • V ' 

i ... « .• « 

% - ; tf the pump is equipped wjth a foot vyive then an exhauster is not required 
• ,and fefie pump can be filled with, liquid from some outside source. 

■ ** i ' ' " * t ' V 

**, Still another method of priming is to use a vacuum pump to remove the air 
from, the pump and suction line and so cause the pump to fill with liquid. 

■ Undergo circumstances is a centrifugal pump to be started unless the 
casing and suction are filled with liquid . ' ~ " 

» . Most centrifugal pumps should 'be- started with the discharge gate valve shut, 
however in the -case of mixed flow or axial flow pumps more power may be, re- 
quired with the discharge wiive shut tHan with it open and these pumps should be 
•started with -the discharge valve. open or partially open. 

' ' r 

Pumps must not be, throttled by the use of a valve in the suction line. 

Lkjuid moving through a pump wilf vaporize when the local absolute pressin-e 
falls to or below, the liquid vapor pressure and this formation of vapor is called 
cavitation. Cavitation. Will reduce pump capacity and will cause erosion of metal, 
vibration, and pressure pulsations due to collapse of vapor pockets when arriving 
at higher pressure regions, of the pump. 



Cavitation is caused by; v , 

Too high suction velocity . 
' , % Too many sharp changes in direction of suction line. 
Too high temperature of pumped liquid. . V 
Too high suction lift. ' 

In order to provide for adequate maintenance of a pump, an adequate 
stock of spare parts should be kept on hand. These parts should be identified 
and. catalogued with reference to the pMJmp instruction manual. When ordering 
spare parts the manufacturer should be givei) the pump serial number, size, and 
type and the part name and identifying number as well as any additional markings 
to be found on the old part. ^ 

/ 

For reciprocating pumps it is usually only necessary to have spare valves 
and packing on hand. 

For centrifugal pumps it is recommended ttyti the following be kept on 
hand: set of bearings, set of shaft sleeves, set of wearing rings and an adequate 
supply of packing. 

In order to avoid pump outages, a schedule of preventative maintenance 
should be set up. This schedule may be based on the number of hours the pfcmp 
is in operation or it may be based simply on time. For example, a schedule 
based on time might involve the following intervals and operations: 

Hourly - The operating checks that should be made every hour are: 
bearing temperatures (by hand), suction pressure, discharge pressure, lubri- 
cating oil pressureland temperature, balancing disc leakoff, stuffirfg box leakoff, 
cooling water flowjcooling water inlet and outlet temperatures, driver motor 
amps, bearing oil levels, oil ring,joperation, and recirculation or bypass flow 
if pump is operating at lbw. capacity. 

Monthly - An accurate ch*ck of the temperature of each bearing should 
be made with a thermometer. Ball or roller bearings that are running hot may 
be overlubricated and this can be checked by removing some lubricant. Hot 
sleeve bearings may be the result of dirty oil or insufficient oil, Faulty align- 
ment of pump and driver is another cause of hott bearings. 



PK 1-2-9-31 



15 J 



(Quarterly - At three month intervals sleeve bearings shquld be disman- 
tled, cleaned, and the oil changed. Grease packed .bearings should be checked for 
contamination of the grease by the pumped liquid and if contamination is present, 
the bearing should be flushed out, cleaned and repacked. All bearings should be 
measured for wear, - 

Semi-annually - Stuffing box leakage sHbuld be carefully measured and 
the packing renewed if necessary. Shaft sleeves should be checked for scoring 
and wear. If shaft sleeves are not worn but packing wear is excessive, this is 
an indication of a bent shaft, or worn bearings, or an out of balance rotor. * 

. ■ ' ' , >:'' 

In addition to^the stuffing box inspection, the alignment of the pump and ) 
driver should be measured and the condition of the bearing lubricant should be 
checked. ' 

t Annually - Sdme pump manufa^tee^.g. recommend an, annual dismantling 

of their pumps while others do not recomfnerid this until the necessity is indicated 
by poor performance, noise, vibration, or overloading of the driver. 

If disassembly of the pump is carried^out, the following should be 
inspected: . » 

\ < ' / 

The casing should be examined for corrosion and wear and should be 
thoroughly cleaned. ' / 

/ ' 

The rotoi? Should be examined for wear and corrosion, / 

Wearing ring clearance should be measured and rings replaced if 
necessary. . ' 

Worn bearing shafts and shaft sleeves should be replaced, 

* All sealant ancf, coolant connections should be thoroughly' flushed, out 

and c leaned „. ' 

1 

Pressure gages and other instruments should be recalibrated. 

Bypass or recirculating valves should be checked/lor wear and 
ijepaired^or replaced. . / * / ^ 

Suction and discharge valve assemblies on reciprocating pumps fehduld be 
cheeked and pistdhs and cylinders inspected, 




PUMPING THKQ11Y 
Definitions 



1 • Slip - In reference to a reciprocating pump this is the difference between 
the quantity of water actually delivered and the piston displacement or 
theoretical discharge all expressed in litres or m 3 per minute (L/min). 
Slip is due to leakage past valves, pistons and stuffing boxes and is ex- 
pressed in percentage of piston displacement. 

Example: If during one stroke the pump pistpn displaces 2 litres but 
only 1.9' litres of the liquid is forced into the discharvge then the 
k . slip = 2.0-1.9 =, 0.1 L. Expressed as a percentage of piston dis- 
placement the slip = x 100 = 5% ' 



2. Volumetric Efficiency - In reference to a reciprocating pump this is the 

ratio of the volume of liquid delivered to the piston displacement. In 

' 95 
the foregoing example the volumetric efficiency ,= Yqq ~ °- 9 5 or 95%, 

3, dapacity -! This is the quantity of liquid handled by the pump in a given 

period of time.Vlt is usually stated in litres/min or cubic metres per «' 
minute (m 3 /mih) . 

4.. • Total Static Head - This is equal to th% vertical distance from the surface 
of the#supply source to the free surface of the\liquid in the discharge 
w&ll or to the point of free dischar^b. 

' . " " ' ■ / 

5. Static Suction Lift - ThisjyUJ&ts whenihe source df supply is below the 

centre line of theT>ump and it is the^vertical diltance from the surface 
of tjhe liquid ih the suction well to the centre liffb of the pui0), 

. ~ • ' ■ 4 ' . " * r I 

6* Static Suction Head - This exists wheTi the supply ijs located above the 
centre line of the pump and is the vertical dist<1iice from the pump 
centre line to the surface of the liquid in the sojLrce of supply. 

7. ' Static Discharge Head * J This is equaS to the vertidal distance from the 
pump centre lihe to the surface of the liquid in the discharge well. 

■ y • / . > | 

8.. Friction H6ad -*This;is the equivalent head expressed as metres" of 

liquid required toovercome thfetfriction caused by the flow. through 
the pipe and fitting^ in the sy s tern . ' ' // 



■ . - 34 - 

9. Velocity Head - This is the equivalent head iiv metres through which the 
» liquid would have to fall to acquire the pumping velocity. 

10. Pressure Head - This is the head in metres of liquid in a closed vessel 

from which the pump takes its suction or against which the pump 
discharges* 

11 . Total Head - This is the sum^pf the static head plus velocity head plus 

friction head plus pressure head. 

12. Net Positive Suction Head - This is the total head in metres of liquid 

absolute at the suction nozzle of the pump, minus the vapor pres- 
sure of the liquid in metres absolute. 

\ 

N.P.S.H. = 0 - 1014 R,' D Pa " He -«f . • 

Pa - the pressure of the atmosphere or the pressure in the 
suction vessel in kPa ■ \ . 

R.D. = the relative density of the liquid at pumping temperature 

He = the suction head in'metres, either bositive or negative, 
depending on whether the pump is^above or below the 
source of supply. 

Hj = the friction head in metres of the taction piping 

Pv := the vapor pressure of the liquid at the pumping 

temperature in kPa, as given in the dry saturated 
steam table, column 2 if liquid is water. 

Examples: - 

■ . % 

1. A pump located 4.5 m above the source of supply is pumping 30°C water 
of R.D. of l.o. The atmospheric pressure is 101^325 kPa and the friction 
in the suction piping is equal to 0.3 m of head. Calculate the available net 
positive suction head. 

Solution ; pa ^ 101.325 kPa, Pv = 4.246 kPa, R.D. = 1.0, 
. « He -4.5 m , H f - 0.3 m 

M 0.10148 (101 .325 - 4.246) -4.5 - 0.3- 

IN . F »o • H • ~ 10 

= 9.6516 - 4.8 i 

« 5.65 m (Ans.) , 
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2. The pump is pumping under (he same conditions as in Example 1 except 
1 that the watpr is at a temperature of 80°C and has a relative density of 
0,975. Calculate the. available N . P.S.H . 



* 



Solution; Pa = 101 kPa, Pv = 47.39 k Pa, He = -4.5 nt, 
1 R.D. - 0.975, H f > 0.3 m 

„ 0.10148 (101.325 - 4739) -4.5 - 0.3 
N.F.&.H. Q 9?5 

= 5.6137 -4.8 • • 

= 0.8137 m „ (Ans.) 

3. A*B5iler feed pump is supplied with 110°C water with R.D. of 0.945/from 
a deaerator operating at 170 kPa* The surface of the water in the deaerator 
is 30 m above the pump. Suction line friction is equal to 1 m. Calculate 
the available N. P.S.H. " „ / • \ ' ■ 




Solution: = . 170 kPa, Pv = 143 kPa, He = 30 m 

1 m, R.D- = 0.945 

- 2.9+ 29 . . ' . 

1 ' 

, = " 31.9 m (Ans.) 

. * 

N. P.S.H. may also be defined as the head in metres at the pump suction 
nozzle that prevents .vaporization of the liquid being pumped. 

mmf • / ■ 4 

Each pump has a required or limiting N. P.S.H. which is determined 
experimentally by the pU|mp manufacturer . It is, therefore, necessary 
that the suction system for the pump be able to supply a N. P.S.H. 
which is greater than the required or limiting N. P.S.H. ' * 

13. \ Cavitation - If.the available A^^S.H. of the system is reduced below the 
V required N. P.S.H. of thjfl Bjkhen the liquid will begin t* flash in 



the pump. This conditiorW mf\ as cavitation. Small bubbles of 
vapbr will form in th^liquj((Jrthese bubbles subsequently collapse 



causing pitting and erosion of impeller and, casing. 
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14, Liquid Power, kW - This is equal to the numberW kilograms of liquid 
' delivered per minute times the distance through which liquid is 

lifted, divided by 6115.94. 



Liquid kW - Wh 



6115*94 •. 
W - kilograms of liquid per minute 

h - head in metres 
t 

15. Mechanical Efficiency E 

For centrifugal pumps E ^ ' ^t^tSt 
° Brake kW 

/' * 

For steam driven pumps E '= H^r^r^ 



I kW of steam cylinder 



Centrifugal Pump Performance - 
Effects of Speed Change - * 
1.. The quantity of water puipped varies directly as the impeller diameter/ 

2. The head produced varies with the square of the impeller speed. 

3. The power needed to drive the pump varies- as the cube of the*.impeller speed. 

For example if the impeller speed is doubled then the quantity pumped will 
double. The head developed will be four times^as great and eight times as much 
power will be required to drive the tyuinp. 

. ; / 

Effects of Change in Impeller Size - 

1. The quantity of water pumped varies directly as the impeller diameter., ' 

2. The head produced Varies as the diameter of the impeller squared, 

3. The power^needeti to drive the punflf) varies as the cube of the* impeller 
diameter. 

*■ 

The above rules can be summarized by the following equations in which: 
kW r , pump power required 

H ~ head developed by pump, m 1 



4 ' 
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c 



D 

E 
n 
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impeller diatneter', mm 



pump efficiency 
pump speed in rev/min 
quantity pumped in L/min 



V 



In the equations the subscript 1 refers to the origimd conditions and 
subscript 2 refers to the new conditions, 



the 



\ 



Q, 



H, 



n 5 



Dr 



* {*)*■(*)' 



E. 



( 



Kxamplc: 



A centrifugal piimfp delivers 13 GOO L/min of water against a head of 50 ni 
when runnihg at 1700 re\J/min* The pump efficiency is 81 percent jjind the power 
required to drive the piunp is 125 kW. The impeller diameter is M'A mm. What 
will he the performance of the pump if the impeller diameter *is reduced to X\() mm 
:md the pump, at. the same time is. speedetf up to 1800 rev/min? 



Solution ;„ 



n 

M n 



2 



I) 



2 



I). 



* 



II 



2 « 



i mn 1 HOP v 330 
1 .i ()00 X X s 



1760 



i.'MIi 



13 382 L/min (An*.) 



H. x 



00 x 



- 2 ) 2 ■ i>) 



1800 



2- 



1700 

/ 

iH.il m (Ans . ) 
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000 1300 1750 
CAPACITY L/min 

^ ■ * Temperature Rise Versus Flow 
■ * Fip/ 25 

To prevent this rapid temperature rise at low flows a recirculation line 

from the pump discharge to the* suction source is used and this arrangement 

* ♦ 

appears *n Kig. 2(>. 
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Food Pump Recirculation 



The recirculation line in Fig, 26 has an orifice designed to pass the mini- 
mum flow required to prevent overheating in the pump # The valves in the recir- 
culation line may be operated manually or automatically bijt they must be open 
on starting and stopping the pump and when the pump is operating at low flows/ 

Pump/Warm-Up Procedure 

In the case" of boiler feedtmmps or other pumps which handle liquid at high 
temperatures, it is vital that tfhe.proper warm-up procedure be carried out before 
starting the pump. If this is notj^one then temperature gradients will be present 
within the pump which vfill cause rotor distortion. 

To avoid these temperature gradients, the standby boiler feedpump ia 
supplied with warm-up water which is i>led off from an intermediate stag6 of thl 
in^erYice boiler feedpump. This warm-up water enters at the bottom gf the 
standby pump casing and leaves through the suction nozzle. 

fThe arrangement is sketched in Fig. 27. 
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Pump Warm-Up Arrangement 
* Hg, 27 
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QUESTIONnSHEET 

POWER ENGINEERING . -' 

- First Class 

Sect. 2. Lect. 9 

1 . Discuss in general terms' th^uses of the following classes of pumps: 

(a) reciprocating 

(b) centrifugal % x . 

(c) rotary v ' 

'i 

2 . Describe a type o( pump which would be suitable as a boiler circulating 
pump and explain how sealing problems are overcome with this tyf>e. 

* 

3. Describe with the aitKctf a simple sketch, some method whereby axial 
balance is provided fotf in a single suction multi-stage centrifugal pump. y 

4. Discuss pump installation in terms of location, space required, fittings 
and piping required* 

5. Describe the method of aligning and grouting-in of a centrifugal pump 
which has been*delivered to the site with the driving motor separate 
from the pump and base plate. 

6. Discuss the following in regard to a centrifugal pump: 

(a) priming* 

(b) starting 



/ 



, (c) cavitation 

7. A pump is required, to handle water at 50°C with a relative density 
of 0.986. The atmospheric pressure at the suction is 90 kPa and the 
friction- in the suction piping is equivalent to a head of 2 metres. 

The required N.P.S.H. for this pump is 2.75 metres* What would be 
the maximum negative suction head (suction lift) that the pump can handle? 



(continued) 
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ESTION SHEET - Continued 



3. 



A centrifugal pump has a maximum capacity of 9000 L/min. The 
impeller diameter is 550 mm. If the maximum capacity is to be 
reduced by 5 percent, what will be the new impeller diameter as- 
suming the pump speed remains the same? . 

Flows below a certain minimum may cause problems in a centrifu 
pump. Explain what these problems are and how they may be aVo 
at times of low demand. 



A pump is to move 22 500 L/min of water of relative density 0.996. 
The pump is 1 .5 m above the water supply and the point of discharge 
is 18 m above the pump. The friction in the suction piping is equiv- 
alent to 1 m of head and the friction in the discharge piping is equiv- 
alent to 4.5 m of head. If the pump has an efficiency of 80 percent, 
what motor power in kW will be required to drive the pump? ' 
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SECTION 3 

STEAM GENERATION 



Third Class 
Lecture 6 



v i. PUMPS 

• t . 

A pump can be defined as a device used to impart energy to a fluid in 
order to move it from one point to another. Because of the many purposes and 
variety of services for which a pump is required in power and industrial plants, 
it can be regarded as one of t he most impotyato plant auxiliaries. Examples of 
pump applications in the pov.. • jj.nnt are; boiler "feedwater pumps, condensate 
pumps, fuel oil pumps, chemical feed pumps, cooling water circulating pumps, 
fire pumps, etc, 

THEORY OF PtlMPlNG 

— '■ " " ' - 'I . / ■ 

\ For the proper understanding of the pumpiri*r_p^6cess, jj ump selection, 

the calculation of pump capacity and the power required to drive a pump, it Is 
necessary that an engineer.be, fuljy familiar with the terminology used in pumping 
technology. Below follows a short discussion of most o^the common terms in use. 




Pump Head 



Y 



PuhiD head refers'to the pressure a pump has to overcome ij^order to be 
able to move fh* liquid through the system. This pressure Is sometimes expressed 
ofe commonly, as the height ( expressed in metres ) of a column of 



F — J I « fc ■ Pi ^ \ L vuuUl) ill 

the liquid pulmped that would produce the sanrte pressure. The height of this, 
column is known as M head " « ; f / 



in kPa but , more 
the liquid pulmped 

column is known as M head n ] , .• / 

■ - ■ v > :; v I 

Pump head comprises several components which.wlll be described with 
the a,ld of Figs. 1 and 2. , . 1 : 
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(A) 



( B) 
Fig. 1 



(C) 



1. 



Static Suction Lift - the vertical distance, in metres,' from the 
liquid supply. level to the pump centre line when the pump is above 
the supply level, Figs. I (A) and ( B). ~ 

2. Static Suction Head - the vertical distance, in metres, from the 
liquid supply level to the pump centre line when the pump is below 
the supply level, Fig. 1( C), % 

3. Static Discharge Head - the vertical distance, in metres, from the 
centre line of the pump to the free surface of the liquid in the tank 
pumped into , Fig. 1 ( A ); of to the point of fre* discharge 
Figs.l( B) and ( C ). ^ ' 

4. Total Static Head - when pump is mounted abovy source of supply' 
total static head is the vertical distance, in metres, 'from surface ' 
of source of supply to surface In discharge tank, Fig 1(A) ox 

■So the point of free discharge, Fig. 1(B). .Thus'total static'head 
%static ; ,suction lift plus static discharge head. 

When pump is mounted below source of supply, total static head is 
the vertical distance, in metre*, from surface of source of supply 
to surface invdischarge tank/ or to point of free discharge, Fig. 1 
( C ). HencA total static head Is static discharge head minus " 
static suctiofi head. 

While static head lVafifo$y present in a filled system, whetherthe 
Uquid is in motion or jfot.Uhe following*heads must be considered 
, when the liquid is moving through the piping. 
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..ft; Friction Head - this is the pressure, expressed in metres of 
head, required to overcome friction caused by liquid flow through 
t Pip\ng, valves and fittings in the^system. 

6. Velocity Head - the pressure, in metres of liquid head, required 
to give the liquid ite motion through the system at a given velocity. 

7. Pressure Head - the pressure, in metres of liquid head, in a 
closed vessel from which the pump takes its suction or against 
which the pump discharges. 

8 « Dynamic S uction Lift - the sum of static suction lift and suction 
friction and velocity head, Fig. 2. 

9. .Dynamic Suction Head - static 
head minus suction friction and . 
velqcity head, 

10. Dynamic Discharge Head - static 
discharge head plus discharge 
friction and Velocity head, Fig. 2. 

1'J. Total Dynamic Head - the sum of 
dynamic suction lift and dynamic 
discharge head^ Fig, 2. Where 
there is suction head, total dyna- 
mic head is the difference between 
dynamic suction and. discharge head. 



Total head 

f" " Velocity hood* 

... , Friction h«d. 
1 Velocity 



Friction 
Haad 




When source of supply and discharge,, tank are both under atmospheric, 
pressure, pressure head will be nil, but if either ohe pr both are.: u^eV 
pressure , the difference in pressure, head must be added to* the' total 
- dynamic head. « ' • • s f 

12. Vapor Pressure - all liquids form Sapors at theif f resurface 
creating a pressure, lenown as Vapor, pressure f which increhsfiR . 
in value with rising liquid ttimpe mutes, ' ° „ ' 

In a closed system Comple'tely filled with. liquid no vapors wilt form 
as long as the liquW is' subjected to a pressure that is above tlfc vapor 
pressure corresponding With the temperature of the liquid. However, 
^ . should the pressure exerted on the liquid be allowed to drop below the' 
vapor. pressure, some of the'liquid will flash into Vapor. . . I ' 

This is an important factor to consider in a pumping sys^m whtkre' the 
.. , pressure oh the suction side of the pumpjeoujd drop below the vapor 
pressure of % Jiquid due to insufficient suction -head, high suction^ 



1 




1.72 



\ 1 



lift, excessive friction head or high liquid temperature. Should 
this occur, the liquid will form vapor which could partially or 
completely stop liquid flow into the pump. The pump is then said 
to be vapor-bound, ' 

13. Cavitation - w^ien the pressure at any point inside a centrifugal 
pump dro0s below the vapor pressure of the liquid, vapor bubbles 
will be formed which create cavities in the liquid flow. These 
bubbles are carried along with the flow until they reach a region 
of higher pressure where they collapse, producing a shock wave. 
This phenomenon is called cavitation. When the bubbles are 
carried onto the surface of the impeller and collapse there, the 
impact of the liquid suddenly filling the void -and hitting themetal 
wijl damage the surface by gouging out small pieces When this 
action is repeated in rapid succession, it is accompanied by noisy 
operation and vibration. Prolong^ operation under these conditions 
may result in mechanical destruction of the pump. 

14, Net Positive Suction Head - to prevent cavitation and vapor-binding 
and to ensure maximum flow through a pump, it is necessary to pro- 
vide sufficient head on the pump suction so that the suction pressure 
will always be greater than the vapor pressure of the liquid handled. 

' This pressure available or required at the pump suction is expressed 
in metres of liquid head and is called the /» net positive suction head ", 

'Slip - referring to reciprocating and rotary pumps, the term "slip » 
means the difference between the actual volume oniquT5^dTscharged 
by the pump and its theoretical capacity. Slip is oaused by leakage 
past valves and pistons in reciprocating pumps and the stationary and 
rotary members of rotary pumps. It is usually expressed as a per- 
centage of the theoretical capacity. ^ 
♦ I - 

! ?« Volumetric Efficiency - again referring to reciprocating and rotary 
• .. pumps, the volumetric efficiency is the ratio of the actual volume 
discharged to the theoretical capacity of the pump. It is also 
expressed as a percentage of the theoretical capacity. 
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According to their method of oft^ration, pumps can be dhdded into three 
t main classes: reciprocating , rotary and cVntrtfugal . 



Each class can be. further subdivided intq^a number of different types. 

A description of the basic operating principle of the pumps ifreach class 
will, follow, as Well as a more detailed description of some of the more qomjnon 
types of pumps in each class used in power and industrial plants. 

Reciprocating Pumps 

In this type of pump the pumping action is produced by the tQ and fro 
( reciprocating ) movement of a plunger, piston or diaphragm within a cylinder/ 
The liquid being pumped is drawn into the cylinder through one or more suction * 
^valves and is then forced out through one or more discharge^/alves by direct con- 
tact with the plunger, piston or diaphragm. 

Reciprocating pumps can be divided into two classes according to the 
pump drivpl: ' 

1. The direct acting ^eam driven pump in which the movement of the 
piston in the water cylinder is "produced by*a steam piston in a steam 
cylinder. The pump is called direct acting because the piston rods 
of steam and water piston are directly connected together. 

2. The power driven pump which has a crankshaft driven by a separate 
power source, usually an„el£ctric motor. 

<? 

Reciprocating pumps can also be classified as single-acting or double- 
acting depending on whether pumping action takes place only on one side of 
plunger*, piston or diaphrag^ or on both sides. 

1. Plunger Pumps/ I 
* . ■ • 

Thcbasic design of the plunger type reciprocating pump.te shown in 
Fig. 3 # The action orthe pump is as follows; / # 



When the plunger ftarts moving from, right to left, the pressure in the 
cylinder drops below that in the suction line and the liquid is drawn into the 
cylinder via the suction, ball check. The high pressure Ln the discharge line keep • ' '" s 
the discharge ball check firmly on its seat. At the end of its travel the plunger 
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rave^^oMon- and starts' moving* from left to right. This causes the pressure 

vial Cy r I"" 0 10 the diSCha ^ e line - d the ^ is force out 

.via tAe discharge .ball check, while the suction ball check is forced to close. 

* ' " PACKING. . ... 

DIS( HAK(Ji: halu'hkck 
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SUCTION BALL CHECK 



Plunge* Pump ( Single Acting ) 
• ' ., Fig. 3 

The movement of the plunger in one direction is called the stroke of the 
plunger. The distance the plunger moves in and out of the cylinder islheleneth 
of the stroke. • — *— 

As can be seen in the sketch, only one side of the plunger takes part in 
the pumping action and liquid is only discharged during one out of every two 
strokes. Hence,- the pump is called single-acting. 

Fig. 4 shows a cross-sectional view of a power driven plunger pump ' 
Thus pump is widely used as a chemical feed pump. It hat an adjustable stroke 
for volume control and a double set of suction and discharge ball checks in step' 
arrangement for high pressure applications. . I . \ 




Power Driven Plunger Pump ( Cross Section ) 
Fig. 4 
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Fig. 5 shows a large capacity triplex plunger pump/ As the name imp 
it has three cylinders. The pump is single-acting and its plungers are driven fc 
a c ranks hafrwith three cranks placed 'UO degrees apart. . 

Discharge * ^ , ■ . ' ? 
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2. Piston Pumps 



Power Driven Triplex Pump 
( Frank Wheatly Industries ) 



The basic operating principle of a double-acting piston pump is shown in 
Fig. 6. The pump has twofcischarge valves, D.A. and D.B., and two suction 
valves, S. A. and S. H. 



When the piston moves from left to right, ( a ) the liquid is drawn into 
the left side of the cylinder via suction valve S. A. At the same time the piston 
forces liquid out of the right side via discharge valve D. B,' 
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Double-Acting Piston Pump 



njd is r moves f rom right - ie «> < b > " 

cnarged fr0 m the left .IdTvVd"^^^ valve S.B. 



Pumping "c^Z^^Jt Si t S ° f »"» takG in the ' 
hence the name » doubl ,-actingT ^ in eith * r Erection, 

( a ) Direct -Acting steam Drivnnj w^ ' 

( i ) Simplex Pum p ' 

i - ■* 

•eo mmo „ ly w K n - ■? stcam t,riven ' 



housfn, connected byoh.^^' en * II ° 1^ 
only the suction and discharge valves for the 



r. In the sketch, 
upper end of the cylinder arc 



shown. Tjtc operation „f .>,„ . , P|,ur end of lhc ' °yllnde 
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Steam piston 



Steam cylinder 



Piston rod 



Valve goaf lever 



Water piston 




Watet cylinder 
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s „• Vertical Direct -Acting Steam D*ven Pump 

' ■ ' ' Fig. 7 

T\e steam piston is driven up and down by high pressure stem* controlled" 
by the main fcteam valve which moves horizontally across the cylinder steam 
a/lmistrion and exhaust ports in the valve chest. When the valve is in its extreme 
right position it admits high pressure steam underlie piston and simultaneously 
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connects the upper 4 part of the cylinder to exhaust, causing the steam piston to 
ris.e. At the end of the upward stroke, the valve moves over to the extreme left,' 
now admitting steam above the pistoajfend allowing the steam in the lower part of 
the cylinder to exhaust. This forces the piston to move downwards again. 

The movement of the main valve is controlled by the auxiliary valve 
which is moved up or down at the end of each stroke by the piston rod by means 
of the valve. gear lever and the auxiliary valve rod. When placed in its upper and 
lower position, the auxiliary valve admits live steam to the space behind one end 
of the main valveand it connects the space 1 on the other end of the valve to exhaust, 
causing the main valve to move horizontally from one extreme position to the 
opposite, placing it in the propter position fo^ steam admission to and exhaust 
from either end of the cylinder / 

< « . .: 



( I* ) Duplex Pump 



Sli-urn Chi-M 
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Inlet 
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Suction 
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Horizontal. Duplex Pump ( Worthington ) 

The duplex pirmp, illustrated in Fig. 8, is a horizontal, direct-acting 
-steam driven pump. It has a double set of steam and pumping cylinders mounted 
side by side. The steam cylinders have a common'steam chest, the "pumping 
cylinders a common valve chest, A cross-section of one side of this pump is 
shown in Fig. 9. . , .-•***• 

The operation of the liquid pumping end of this pump is* similar to thai 
of the simplex piston pump described above. 
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Duplex Pump Cross-Section 

The steam required to drive the steam pistons is supplied to the com- 
mon steam chest which contains two slide valves, one for each Cylinder.' Each 
slide valve distributes live^jteam alternately to either side. of the piston. The 
slide valve on one side of the pumping unit is moved to and fro by means a * 
lever mechanism actuated by the piston rod on the other side. A view of this 
slide valve actuating mechanism is shown in Fig. 10, It consists of a class I 
lever system ( pivot in center) which causes the slide valve on one side to move 
in opposite direction of the piston on the other side, and a class II lever ( pivot 
at end ) which moves the second slide valve in the same direction as the opposite 
piston. 




Slide Valve Actuating Mechanism 
for Duplex Pump ( Wortliington ) 
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Each steam cylinder has four ports, Fig. 9. The outer ports are steam 
admission ports, the inner ports exhaust ports, A triangular fifth port, the ex- 
haust steam outlet, can be connected to elther\one of the inner ports by means of 
^the hollow centre of the slide valve, 

The operation of the duplex pump is as follow!, Referring to Fig. y, the 
slide valve of one of the steam cylinders Is shown In mid-posltlon covemng all 
ports. The steam piston however, should be at the extreme left end of the cy- 
linder. When th,c slide valve Is moved to the right by the movement of the oppo- 
site piston rod, It uncovers the left steam admission port and the right exhaust 
port. This allows llvd steam to enter the left side of the cylinder and spent steam 
to exhaust from the right side. The resulting pressure difference forces the pis- 
ton to start its stroke to the rlghj,, 

■ Nea* the end of thejhroke the piston ^vfll slide over the right exhaust port 
trapping the remaining steajnbn the right side ol\the cylinder and continuous, 
movement of the piston will 'then compress the ste^m. At nearly the same ti/ne, " 
the movement of the opposite piston rod will move\he slide valve back to mid- 
position, cutting off steam supply to left end ofSylirider. This, combined with 
the compression of the steam on the right side causing a cushioning action, will 
bring the piston to a smooth stop at the end of its stroke. After a short stop the 
slide valve is moved to the left, opening steam admission on the right Side of the 
cylinder and exhaust on the left side; dauslng the piston to start its^troke to the'- 
left. The same action takes place In the second steam cylinder, the movement of 
its slide valve, being controlled by the piston rod of the first cylinder, 

qp i 

If the slide valves were rigidly connected to the valve rods, they would 
not stay open for steam admission and exhaust long enough for the pistons to com- 
plete their stroke and the pump would shortest roke , resulting in'reduced capacity. 
To overcome this difficulty, the valve gear Is given lost motion ! Lost motion is 
r^the clearance between the valve rod nut or nuts and the lugs on the/back of the valve 
against which the nut(s)' press in order to move the valve. One lost motion 
arrangement using a single nut is shown In Fig. 11 J Lost motion allows'the valve 
to remain stationary until the piston has nearly completed its stroke. It a|po 
allows one piston to pause at the end of its stroke until its fi(J;eam valve is actuated 
by the movement of the second piston since the pistons do not complete their 
strokes at the same time, 
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Slijbo Valve In Central Position 
with Lost Motion 
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. If the duplex pump is to work properly, the slide valves and linkage must 
be adjusted to be set in correct relation to the steam pistons. The proper pro- 
cedure is*ifs follows: * 

1. Shut down and isolate the pump at bNth the steam and water end£. 
Open the steam cylinder drain cocki and drain the water cylinder. 

2. Place both steam pistons in the centre of their cylinders. To do 
this accurately, the piston is pushed over until it strikes the cylinder 
head and a mark is. made on the piston rpd at the face of the stuffing 
box gland. Then the piston Is pushed back until it strikes the head 

at the other end of the cylinder and Another mark is made on the 
piston rod at the gland face. The distance between the two marks 
is divided equally and a centre markets made. The piston is then . 
moved intil the centre mark on the piston rod lines up with the gland 
face and the piston will now be centered. The other piston is then 
centered in a similar manner. 

3. Set. the slide valves in the' centre of their travel. This is done by 
.removing the steam chest cover and moving each valve so that the 
valve ends just cover the steam ports. With the valve in this 
position, the valve rod nut must be exactly half way between the 
va^ve horns. Tills can be checkedMjy sliding the valve In one / 
direction until It strikes the. nut and then measuring the amount of 
port opening. Then slide the valve in the other direction until It 
strikes the nut and measure the amount of port opening at the other 
end. Fig. 12 Illustrates this procedure. When the port opening 

' are'equal, the vaWe Is correctly set. If the port openings are un- * 
* equal, then the valve rod should be unlinked and screwed Into or 

out of the valve jrod nut as required. 
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4. Before replacing valve chest cover move each valve to give a 
port opening to stearin afopposite ends so that the pump will be 
able to start. Sefc l^g. 13 V- ' ' 





Measuring Steam Port Openings 
( b ) P6\vor Driven. Piston Pump 



Opening Stfeam Port£ before Starting 
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A power driven, double-acting reciprocating piston pump is shown u 
U. 14. .1 he pumping end is similar^ that of a s^an^iriven pump but the 
Piston is moved back anchforth by a crankshaft. Power is suppled to the low- ~ 
speed crankshaft by an electric motor via a V-belt drive and a reducing gea" * / 

L 



Air Cham be 



Electric Motor 



Belt Drive 



Discharge 





Crankcase 



Power Driven Piston Puntp 
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When a piston gf a reciprocating punip stops and reverses at the end of* 
•each stroke, there is a momentary interruption of the liquid fldw which causes a 
pressure drop in the discharge line. To dampen pressure flucftiatlons, the pump 
is often equipped! with a,n aif chamber (Fig. 14). .This chamber contains' air 
preBfcrlzed by the liquid In the discharge line. When the liquid) is discharged 
from the pump, the pressure In the line tends to increase and some liquid Is 
forced Into the chamber, Increasing the pressure* of the trapped air. When the • 
pump stops at the end of the stroke, the discharge stops momentarily and the dis- 
charge pressure drops off. The compressed ^lr then forces the liquid out of the 
chamber and so maintains the flow^^and dampens the pressure fluctuation. 
» • ■ • '- 

Air chambers are commonly used on sihgle-plston pumps, they #re not 
required pn multl-pistpn pumps becauseHhese pumps are designed In such a way ' 
that the pistons do not reach the end of their stroke at the same time so that the 
flow is n^ver completely "Stopped and pressure fluctuations are much smaller i 

3, Diaphragm Pump . ' ' 

_J||g^aphra£m pump differs from the piston or plunger t^pe reciprocating 
purti^) tluit the fluid being pumped is completely isolated by the diaphragm from, 
the reciprocating mechanism thereby eliminating leakage along piston; rod and 
plunger. - * V \ 



$hc diaphragm is a flex- 
ible membrane which acts as the 
liquid displacing component. The 
% diaphragm can be made of flexible 
metal or non-metallic, materials 
such as plastic,/ rubber or neo- 
prene, depending on the fluid * 
being pumped. * « 

, A cross-sectional view 
of a mechanically actuated dia- 
phragm pump Is shown 4 in(Fig. 15. 

.The diaphragm I) is attachod to the 
piston r guide P by the disc 13. An 
eccentric is used to produce recl-^ 
procatirvg motion of the guide P, 
causing the diaphragm to move 

/to and fro, resulting in pumping 
action, % - • 




Mechanically Actuated Diaphragm 
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n..nedb y ^ arTo. f Sfe^M** «^n ? ^fS;^ 
or .„ other worts. by tf&S&g JESS * ^»^.*¥«^. t 
stant regardless of discharge pvesmreFnM?*? ? ai ?o«nt remains cyrw 

is classified „ . aflflSS^T^^-"^ ^ 
number of pumpin g strokes per m inula, ^ P u TP,PP»''Ity «!«>„»„„» O-Uhe. 

Reciprocatin g Pump Component « V 7 • ;'• ^ . .. 

i. Pump Valves 4 .- . ; v ' ' • . "\-^k'd '•' 
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cosed 5;n°^s^?r^ 

the pumping action! ° Qf "* 1 "' u ! d above and below the.dtac caused by" 

There are maAy different designs. of.v^lves 'oene^llv tL^'' 'r >'" 
valve to be used in a pump Is.determined by the opTratW nrf * ?*• W ° f 
or high and the properties of the liouid h«nHii* ° Pe ™ g P»?««*^. medium 
cleaVorcontainWsuspendedS ViS ^ temperature; 

'used for low Assure servit r^^^dSto^"^ ; 

- sures. Th e lace of the valve caii llnl TJt ^1 moderate or high pre^ 
are shown in Figs v 15 to 18^ Some of the valve design*! 
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Stem-Guided Disc Valve *. 
Fig. 1G 




.Flat Disc Valve Willi Incliriedliibs 
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„ Fig. 16 Snows a stem-guUjed.disc valve with flat far/ Th« hi ' - - 
stenj arc usually made of bmh^ k... ^ i • •• " a * • 1 hc d * sc seal ^nd 

suUaMe tor ^^^^T^^^. ^ \ 
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' :»lv • Fig. ff #How^ a flat disc valvtf with synthetic 1 insert^ -'"f he Seat has. In - 
>: > clln^ ribs which direct the liquid |o that- it£«t&8 t$e disc* slightly at : eWh/strgke& ' 
- equal! zing, wear on the disc., ' , . k iJl ; f -.'K ' « j'***.'./ '-' ' 



: ".. .A wing-guided ' valve. beveled /ace 1 * - 
ujK$ for htgh.pressure cleinr liquids is ,sSown / 

% Fig. is/ ' ■ ••••v3 • . >rf 

Ball valves > p^$sed where i%i$v>* ' . p' 
opening of suction ^4^cha,rg»ets'%quirefli i • \ 
Fig. 15. v<f \ ^' V '.' \-A 
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• .;T# prevent leakage between'the piston 

" - and cylinder wall* the steam ptetdn is usually 
... .^quip^cd with oast Iron T^g^ fitted in grooves 
; m^hiriedclif'^e perijne.te¥ of- the piston, ' The. =.;., 
f ' ' >v/ate r piston Is usually sealeiin the ,<jy llnder r 

jby sq^e h^rd fibrous ri^igs, or rings made. df.^.^e^li'abYe mate rial such 
- as duck'packing (i^asbeslba core wth eanva^ outer layer )^Fig. 9. Tvtf)4i^&^ 
;C m ^ s - o f f ealini are ^howhVih Fig, l9. : A shows a pi^tdp^ittetl ■•^t^^ii^dL. J eu|i • ,•> 
I * packing. The cup is made of rubber reinforced witli fabric. H 's+iows a piston v - ' !? =:^v 
.^qulppe : d with* rings' m.ade' of. solid > fubbe'r''aiid relnfo.rc^ .etopi»\«r. •. , 
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3. Kelief Valves 



When a power driven reciprocating pump is started accidentally with the 
discharge valve closed, or a valve in the discharge line is closed Inadvertently 
during operation, the pump pressure will build up excessively And rupture of pump 
parts .or piping could occur. To safeguard the pump against possible damage due 
to over prepare, it must be equipped with a relief valve'mounted on the discharge 
_of the/ pump ahead of the first stop valve. , 

A relief valve is not necessary on the discharge of direct-acting steam 
driven pumps because,' with the discharge valve closed, the pressure in the water 
cylinder can only.nuild up a limited amount. Once the force on the water piston 
equals the force acting on the steam piston, the pump simply stops, r > 

* * ■ ■»''.'•• 
x H«)t;ary Pumps V" •, / • 

• The name " rotary pump is given to those pumps which consist of ^'closed 
'casing in which gears, lobes, vanes or screws rState with a minimufn of clear- 
ance. These rotating parts trap the liquid and push it.around the casing frorii 
suction to discharge. Unlike in the reciprocating pump, the flow otfthe liquid > 
through the rotary pump. is c&tinuous and the discharge is smootftAvithout pres- 
sure fluctuations. 4 * • / 

"... •' ' ' »« ' . ' ' 

* - ;; Rotary pumps are used for fuel, -fabricating and hydraulic oifsystems 

but also for many other liquids of various viscosities such as liquefied gaaes 
( propane, butane, •ammonia, Freon, etc. ). T • 

t Rotifry pumps,are available, in many .different designs. Five common 

types are shown in Fig. 20 and a description of these pumps is given below. 

■ <r O 

V ' 1>he external gear pump ( a ) has two gears which rotate in opposite 
directions in|ide the casing. Liquid drawn in thr ( ougn*the inlet Is trapped between 
the teeth of tne gears and the casing wall and is carried to the discharge side. The 
meshing teeth in the centre act as a valve, preventing liquid from flowing 'back to 
:tljt|inlet side', V »/•'" 

The internal gear pump " ( b ) has an externally-cut gear which meshes ~* K> 
• wi th an internally -cut gear on one side and is separated from this gear on the 
o^her side by 'a eroscent-shaped partition which prevents liquid from passing back 
from diSchargeHp suction side. Liquid from the suction fills the spaces between 
tiie t^eth o^ both gears when theyunmesh and It Is forced out of these spaces 
into die ditfejrargo wh.en.the gears mesh again. ' ' I 
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/ Three-Lobe 



• • ( c ) 
Two Screw 



';• , , V • Kotary* Pumps. , . , 

*/ ' • * ■ ■ ' * .■ . • 

" r, ' ht ' sliding-vane pump ( t: ) hat? a rotor cotitaiivipg vanes within slots. 
.' : The rotpris mounted off-centre in the casing with. minimal clearance on one side. 
The vanes are forced out j against tho.casingW.aU by the centrifugal force and the 
'liquid trapped between the va>nes is carried around from suction 'to the discharge. 



A' » 



•/• 1 Thc ' thrcoMobe pupip, '( (i ) has two rotors each with three lobes. The 
rotors are driven by external gears Which synchronize the lobes. The liquid 
.trapped in the pockets fqrmed'by the lpjb.es ahdl the 'casing is carHed to the dis- 
charge. \\ * .,. *\\ . [ 



, x . The two^screw pump Ce ) has two rotors each with two opposing spirals' 
or screw threads. ;rhe liquid is* tiarriedi between the screw threads of the. rotors 
and is forced axially towards 'the discharge as th« sprews rotate and mesh.' 
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Rotary pumps are positive displacement pumps ancl.J.herofore, should be 
protected against excessive pressures by a relief valve on the discharge side .of 
the pump. ' 

Cent ritual 1 Pumps . _ 

• - !• - 
A centrifugal pump may be defined as a pump whivh>us-GS centrifugal 

force to imparflfliergy to a fluid by giving the fluid high velocity and then convert- 
ing this velocfty into>pressure. 

Because there are many different designs of centrifugal pumps,, tht*y <c*an 
be divided into a number of types according to specific characteristics,, ^^i^in. \/ 
division according to the method of imparting energy to the, fluid %ivt£ us the >~ r 
following types: volute, diffuser , mixed flow , axiaf flow ^d rpfceneratfe ; * ! * , r* r,i i 



They can also be divided according to thO: • ' - ' m * tm \ '* 



number of stages - single Or multi-stage . , 
suction inlet - single or double suction 
position of shaft - horizontal or vertical ... * 

type of easing - horizontal or vertical split * , 

mounting - in-line or base-mounted e ~*' 

/ ♦ ; : >A 4 

Centrifugal pumps can alsof>e c^ssified -according to the application such 7 * 
as: boiler feed pump, general purpose pump, vacuum pump, circulating pump, , 
etc. Each application requires a different "design of pump„ 

1. Volute Pump . ' S ' - 

asically , the >volute cerftAfugal pump consists of an impeller macks up of 
a number of v?ineg f which opiates in a volute stationary casing, Fig. 21. . T}ic 
term " volute " refers 'to the gradually increasing cross.- sectional area of the 
>iral casing. . 1 >• • 1 . • 



Basic 



V 



A . 




Volute Centrifugal Pump , 

rig. 2* ' 
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The liqyld being pumped is drawn into l ho centre or eye of the impeller. 
It is picked up by the vanes and accelerated to a high velocity and discharged into 
the easing by centrifugal force. As the liquid travels through the volute casing to 
the discharges its ^'fly^' energy is converted into pressure* energy. Since the 
liquid betweenVhe vanes is forced outward, a low pressure area is created in the 
eye and more liquid is drawn "in through the suction inlet. As a result, the flow • 
of liquid through^he pump is constant," A cross-sectional view of the volute 
pump is shown in Fig. 22. ' 



* Discharge Flange Packing Bearings 



Suction 
Inlet; , 



f Impeller 




■ i , 



Single-stage, Single-inlet Volute Pump 
( Goulds Pump Inc. ) 



Fig. 22 



2. Diffuser Pump 



mal 



In the diffuser centrifugal pump, the high velocity liquid leaving the 
impeller passes between a number of vanes -in a stationary diffuser ring. These 
vanes are shaped in such a way that the channels between them gradually increase ' 
in area, Fig. 23. As the/nqukl passes through these channels, its velocity energy 
is converted into pressur/c energy, h'he liquid is then discharged either into a ' , 
concentric casing ( A ) oi^into a .volute easing ( H ) where further velocity-pressure 
conversion takes place. 



Since the flow of liquid in volute and diffusfcr pumps is away from the 
corttre, these pumps are often classified as radial flow centrifugal pumps. 



\ 
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Diffuser Pumps 
• Fig. 23 , 



( B) 



3. Axial Flow Pump 



The axial flow pump, Fig. 24, often called propeller pump, uses an 
impeller with vanes similar to a ship's propeller, The pump develops its head 
by the propelling or ItfrtnyrTTcUon of the vanes on the liquid and the flow of the 
liquid is through the easing, thus parallel to the shaft. It is-usually of vertical 
design but^Qri/ontal units are available. * * 

As compared to a radial flow 
pump, the. axial pump has a low suction 
lift and develops a relatively low discharge . 
head but a Urge flow capacity. 



elbow 

Shaft 
Stationary 
s/erve - - - 

Shaft 



Vertical Axial Flow Pump 
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4 t Mixed Flow Pump 

* The mlxcjd flow pump, Fig/25 
combines some of the characteristics of 
the radial flow qnd axiral flow^umps, It 
develops its discharge head by using both 
centrifugal force and lift of the vanes on 
the liquid. The pump is built for vertical 
and horizontal applications, and it is 
comrhonly used for low head^ high capa- 
city operation. 



Mixed Flow Pump 




f> f Turbine ( Regenerative ) l*ump • *' 

The turbine or regenerative pump has art impeller which has *a double row 
of vanes cut in the rim. It is^ftountcfj concentrically in the pump casing, Fi^. 2b. 
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Turbine* Pump, ("using and .Impeller- 
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The liquid being pumped enters the periphery <>t the impeller amPt ravels- 
almost :m)° around the easing to the discharge. The impeller vanes travel in a 
channel mffehined in the easing and as the 'impeller rotates, the liquid is-given 
forward motion. As the liquid speeds up, it is thiwn fnto the channel by centri- 
fugal force but, due to the shape of the channel, the liquid is returned again between 

, the vanes, Fig. 21. This process is re- 
peated several times and, as a result, 
the liquid follows a spiral like path 
around the periphery of the casing.- Kach 
time the 1 iquid enters the vanes, it re,- 
-ceives an impulse, this series of impulses 
causes the pressure to increase gradually 
from suction to discharge. 

The turbine pump^ can develop several times the discha^e pressure of a 
centrifugal pump hiiving t the same impeller diameter and speed. A relief valve 
should be installed on the discharge as excessive pressure^ can be developed if the 
pump is operated against a closed discharge. 




Turbine pumps are best suited 
for low capacity, high pressure ser-. 
vice. They are often used as boiler 
fetHifwater pumps lor small boilers, 
condensate return pumps, hot water* 
circulating pumps, etc. * 

An outside view of a turbine 
pump rs shown hi Kig. 2H m * * 
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Turbine Pump 
( Aurora Pump Division ) 

I-'iR. g» 
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•(>. Multi-Stage Pumps 



The pressure de\/q]oped by i\ centrifugal primp with a single impeller is 
tisuallyjimited to about 1000 kPa. lk)iler teedwater pumps, however, are 
usually required to develop much higher discharge pressures. To ohtain these 
higher pressures, centrifugal pumps are equipped with two or mope impellers 
operating in series, th'at is, the discharge of one impeller is connected to the 
suction of the next impeller. These pumps are known as multi-stage pumps. 




1 



Two-stage Volute'Pump 
with Opposed Impellers 
( Goulds Puipp Pic. ) 

Kig, 2 C J 



Fig. 29 shows a cross? sectional view of a rwo-stage volute pump. The 
'suction of thcSfirst stage is on the left/ Liquid discharged from this stage is dis- 
charged through a volute into the suction of thU high pressure impeller on the 
right. This impeller delivers the liquid through a second volute to the discharge . 
outlet. • . ' - ' 



A cross-sectional vTew of alive-stage volute pump for heavy duty service 

is shown in .Fift. 30. . > 

*■ • « 




Five-stage Volute 
Pump witfi Opposed 
Impellers 
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CONSTRUCTION DETAILS OF C KNTK1 FUCi A L VVM& 



Impeller Types 



Impellers vary considerably in design. They can be classified accord- 
ing to specific speed, the way the liquid is drawn into the eye, vane design and 
pump application. Some common designs'are illustrated in Fig. 31. ' 

I 







lmpelle*r'Designs 
Fig. 31 

* * 

Thgjipen impeller, A, has vanes attached to a eentral hub with a rela 1 
lively sriyfll shroud. on one side. It is of end suction or single inlet design* tlii/s 
the wateiVmters the eye from one side only. t B shows a semi-closed, single in- 
let impelled A full shroud closes off one side. An enclosed, single inlet iny>el- 
ler is shown in C. The liquid passages betvyeen the vanes are closed off by $\yv 
shrouds on both sides. Impeller I) is also enclosed but it has a double inlet, thik 
water enters the eye from both, sides. Design K is used in paper-stock putyps , 
handling liquids containing solids. Impeller F is used in mixed-flow pumips<yfhiic 
Ci is a. propeller type impeller. 

Pump Casings 



Centrifugal 
gonally. A horizontally 
Fig, 32/ The suction ; 



easing*. The upper half <: 



punfp casings may be split horizontally, vertically or dia- 
split easing, also railed axially split casing, \is shown in 

discharge nozzles, are usually in the lower half of the 
an be easily lifted for Inspection.; - . ^ 



in i 



A pump with ve 
in Fig. 22. It is used foil 



For multi-sta£< 
sures above 10 000 kPa b 



rtically split casing, also called radially split, is shown 
' "J pumps with end suction. 



pump# of the volute or diffuser type with discharge pros 
irrel eaqrtngs are used to avoid the difficulty in' main- 



tainlng a tight joint between the halves of a horizontally split casing and the .suctions 




The barrel casing consists of an inner casing fitted in an outer easing. 
The space between the two casings is subjected to discharge pressure which tends 
to hold the sections of the inner casing together. Th4 inner easing may be made 
up of two halves, horizontally joined, or a number of sections with circumferen- 
tial joints. The outer casing, the barrel, has no horizontal joints. It is closed 
by heads on either end, •• , 

A cross-sectional 
view of a barrel type boiler 
feed ptiimp is shown in Fig, 
33. The iriner easing is 
marie up of circumferen- 
t iaily joined ring suctions. 
It is fitted into the outer 
casing through ont* end which 
is then closed by a head. 




High Pressure tKStrtge Barrel 
.Type Feed Pump - Fig, 33 
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Wearing Hings 



The rotating impeller of th£ centrifugal pump must be sealed 4n the 
stationary easing with a minimum of clearance in order to keep leakage from 
discharge to suction as small as possible. This seal is provided by. the flat joint 

. formed by the rim around the impeller eye arid a matching flat circular surface Mn 
the casing, Fig v 34 (a). However, during operation, the continuous leakage of 
the liquid through the joint will slowly wear away the surfaces of this joint and 

s^ump efficiency will drop off. When the clearance becomes too large, restoration 
of original clearance will be necessary, either by building up the worn surfaces 
or by replacing casing and impeller. This, hov^ver,„will be quite costly for all - 
but the smallest of pumps, 

. \ . 

The Tost of restoration can be considerably reduced <by installation of 
wearing rings on impeller, in casing or both. The rings are renewable and can 
be replaced at a relatively low cost. *' 



-Pump cos my 




(a) 



(b) 




(c) 
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Wearing Kl^gs 

When a wearing ring is mounted only on the impeller, Fig. 34 ( b), it is 
made of a softer material than that of the casing so that practically alKwear is on 
the ring. Similarly, when a' ring is mounted in the easing only ( c ), its material 
will be softer than that of the impeller. Most larger pumps are equipped with 
wearing rings on the impeller as well as in the casing ( d ) 4 A crasy-scctional 
view of a centrifugal pump with double inlet impeller having wearing rings on 
impeller and in casing, is shown in Fig. 3£. 

Wearing rings a re often made of bronze or cast iron since these materials 
tend to wear in a smooth manner, , 

They are installed on the rim of the impeller by either threading or 

• «■ 

Shrinking and set "screws are used to prevent thert) from working loose. Casing 
wearing rings consist of y it her a continuous ring used in vertically split casings, 



\ 



or of two hall rings for horizontally split 
ridge or Into a groove of the casing whicl 
the >^ing work loose, 




Pump Shaft Sealing ' * \ ' . . . 

In order to minimize leakage a round the pump shaft where it passes through 
the casing, the following means are use^: 

1. Stuffing boxes % 

• 2, Mechanical seals 



l f Stuffing Boxes 

r 

' A stuffing box consists of a" cylindrical recess around the shaft that holds 
a number of rings of packing, Which provide a seal between the casing and shaft. 
The packing is held in place by a. gland that can be adjusted to compress the rings 
in order to obtain the desired fit by tightening the adjusting nuts. The bottom or 
inside end of the stuffing box may be formed by either the pump casing itself or by 
a bottom bushing. The basic construction of* stuffing box holding five rings of 
s packing is shown in Fig. 36, 



• 
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^The.;rota.ting' < |.mpeUcp>f theV<?ent> #\ k 
.^iition'ary; c'atfingwith a minimum of cleai .^.■'r" c - ?l ^ 
d isc ha e ,to ; .s uctjion a $ small as possible' 

tmod.by the rim around the 'impellop.ey 
casing, Fig. 31 ^'a ')•;.. Hoyvever/dur 
liquid /'through the joint will slowly we 
piflnp efficiency will drop off. When the .. 
: pf. original; clearance will be necessary, ' .; 
or by replacing casing, and impeller. ' Th 
but the smallest of pumps. 



1. 11. • • 

Gland Adjusting Nut 1 ,. 



The eost of restoration can be ( 
wearing rings on impeller, in casing or 

• ' •'- frig. 36 /; ' v-;;- 




.Stuffing Box with Lantern Ring 



• ;. : : Fig, 37 



Paekingv r ings are made of pliable, >et: durable materials such as woven' ; , 
asbestos, nylon ? ; flax or teflon; petals such as lead, copper or aluminum are 
also/used, in which case they are wound as a foil around an asbestos or plastic ! ; 
core. The packing is usually impregnated with a lubricant Which makes, the pack-'': 
ing self-lubricating during the startup period. Packing is supplied in eontrinuous ; 
' coils of square v cross~section, or in preformed. die-mplded ringkj >;; , Vv/ .V 

Packing in stuffing boxes should never be compressed so, tightly that " 
leakage is -completely stopped, "-The resulting friction would eause excessive heat ^\ 
build-up, the packing would burn up and the shaft could be severely damaged by. 1 
scoring. Instead,, a slight leakage of liquid should be allowed to provide ldb'lica- : 
tion between packing. and snaft.; *^ \ •»'•..'. .:>•'.'■•..? .,./•.•'•• 

. . " : \ / Vr * " ; " ■ , '■ ■ ,' 

When a pump operates with a negative suction pressure, a fully-packed '' 
stuffing box as in Fig. 36 will not provide proper sealing since air would be 
drawn intd the easing along the shaft stopping the required leakage oHiquid./ f o • 
provide proper sealing, the stuffing box is then fitted with a lantern ring and a 
sealing water connection as shown in Fig. 37. '.. 

The lantern ring ( also called' seal cage ) is a metal ring with channels 
machined in its inside and outside perimeter, connected by radially drilled holes. 
It serves to distribute sealing liquid under pressure to the packing thus preventing 
air infiltration and providing lubrication. This sealing liquid is usually provided 
by the high pressure section of the pump casing, either through an external con- 
nection, FitfT 38, or through an internally drilled passage in the casing. 
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&its ? «^V?. or oilier afjV«H^lvi v &- ; wftcii qouUI/; .i; 

\ ./ji -/ ^Utr.n iM^tv^Lh^. shaft:; aV\VJ. ho i*tcv?\ t ho I i f o. t ji ■ } t 
I ' •*"'»,' 0 the packiW Whcfj* tftl&tyetf to,, enter lfre/£*:: '" ;i<!% ' : '// '* 
""J 1 V stuff ing box/\*C(piin 'sealing litjuid j>ro^ , ''y 



1 vidud J>y*a ; sqgiaKitt^ t he 

;V ' dfscharg'e.side of t,hfc°;pump via^. filler ; ^J' : ' y 
\/i or separator ^ivli^\th^n kee|r^t&;By illy. . *<% ■ ..; . V; : 



7?> . V; yi%u6stances out of the stuffing box; 



• • ( Shaft Sleeves . 



. 1 ^ 



7/ .... # V Shafts aft* subjected to op hoxe 
.'Whicb. . wi liV af feet their/ st migth and make effective sealing with'paeking rings 



diuic'uit;^.:; l /.{V 



8 



' . ; ; * ;v; Shafts of smaller'pumps .are usually iYVade' of corrosion and wear- res istartt 
\vmateriaI^for longer, life. .ia.rgii ; r pump .shafts, however, are usually protected 
H>y Renewable sleeye.s, as shown in Kig. 39 # The sleeve is secured on the shaft 
, by the:S,haft nut and sleeve /'rotation is prevented by a key # 
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•MPELLEPNUT sleeve se t screw • • ; .: 

0 . 1 

(b) Replacing Puinp Packing A - , * 

Pump packing has to be replaced periodically due to" deterioration from 
wear and loss of saturant. The frequency of packing replacement will depend on 
operating conditions, quality of packing/and the care with which the packing was 
installed and adjusted. It -may vary from three to six months in case of severe 
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operating conditions tT> several. years under more moderate conditions. The pV<: 
•C-edUre recommended tor replacement of the packing is briefly described below. 

1. Shutdown, isolate and drain pump. 11 pump is-. electrically driven, 
lock open motor switch and put warning tag on switch. If steam 
driven, chainlock steam supply valve and tag. 

t ■ \ t 

2. Hemove gland adjusting nuts and slide gland away from the. stuffing 
box. Then remove all the old packing using some type. of packing 
puller, Fig. 40. Make sure the stuffing box is thoroughly clean and r 
free of any small pieces of old packing. Check that the sealing water 
connection to stuffing box is clear. 



Removing Packing 




Cutting Packing Rings 
I'iR. 41 



3. Check the condition of the shaft or shaft sleeve. If the sufifoW of- 
the 'shaft is grooved or scored, it should be resurfaced or the shaft 
should be replaced. II* the surface of the shaft sleeve is damaged, 
replace the sleeve. \ , 

<• 

4. Determine the'eorre'ef size of the packing to be used by subtracting 
the diameter of the pumpshaft or sleeve from the bore of the stuffing 
box and dividing the difference by two. 

6. r Wrap a coil of Ihe correctly sized packing around the pumpshaft or, 
if not possible, a substitute shaft of the same size, and cut the 
w required number of rings with a, diagonal cut as shown in Fig. 41. 



4 ■ ♦ 





Sliding Rings onto Shaft 
Fig, jg 



Staggering Packing Rings- 
Fig* 43 ■ ' 



6. Install the packing rings one at a time after putting a light coating of 
oil or grease, on the inner diameter * ^ * 
made of stiff material, slide them * 4 
in Fig. 42, to prevent breaking of ■ ' ' 

* stuffing box one by one using a spl; , 

push each ring info place. Makes % : 
Fig. 43, and ensure that the lanter 
sealing water inlet % v 

7. I^t a gland irit'o place and compress 
. the gland nuts. Then slacken them 

' 8. Prime and start up the pump. Allc 
'rfome minutes, then gradually tight 
duced to that necessary for lubrica 

The above described procedure of repacking the stuffing box of a pump 
can be used for a centrifugal pump as well as for a reciprocat|ri& pump. * 

2. Mechanical Steals . % 

Leakage from stuffing boxes is objectionable on pumps handling liquids 
such as gasoline, acids, ammonia, etc. Instead,* these pumps are, equipped wjth 
mechanical seals which reduce leakage to a minute amount. They are also us^d 
bn^pumps where stuffing boxes c^nncrt offer adequate leak protection suph as high 
pressure pumps. 

> 

Basically a mechanical seal consists of two flat rings each with a polishetf 
flat sealing surface. The rings are perpendicular to the pumpshaft, the sealing 
faces rotate on each otlter. One of the rings is called the sealing ring and it is * 
held in position by«» spring/ The other ring, its face in contact with that of the 

- ¥ • •• » 
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sealing ring, is called the mating ring. 

Mechanical seals may be divided into two general types: the rotating seal 



and the statiopary seal. . 

( a ) Rotating Mechanical Seal 



■ J 



The basic design of a rotating seal' is illustrated in Tig. 44. The mating 
ring is held stationary in a recessed part of the" pump housing or the seal housing 
cover. An "O " ring provides a seal between ring and casing to prevent leakage. 
A shell secured to the shaft by set screws holds the sealing ring sp that it turns 
with the shaft. Leakage between shaft and sealing ring is prevented by a second 
"O " ring. As the j>ump shaft turns, the sealing ring is held against the mating 

r :V? ' ring by a number of small'springs con-? 

. * " tained in, the shell, thus preventing 

■ i leakage between th£ faces. The springs 
allow the sealing .ring \. enough flexibility 
* *' to maintain full face contact with the 

mating ring at a constant pressure ^ • 
during slight shifts In shaft position. 



" * .A cut -a,wav view ol a rotating . 

< mechanical seal is showif'in Fig. 45. 9 
In this seal, leakage between sealing ^ ' - 
ring'and'shaft is prevented by a teflon . 
wedge ring; between mating ring and. 
* seal housing cover by a flat tellon ring. 

L»'ig. 44 The seal housing irf provided with a \ % 

queirehing .liquid inTel required on pumps . 
operating with a negative suction pressure. The liquid supplied to the scaJ pre- )\ 
vents air infiltration and provides lubrication and cooling. If the liquid pumped \& 
clear, the quenching liquid can be drawn directly from the pump discharge but if - . * . 
the liquid contains particles of loreign matter, a separator-should he installed in ■ 
the quenching line. 



\ Rotating Seal 
\;,\ ( Johjn Crane Co. ) 
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. ( b ) Stationary MuBWinical'Seal 

\V '1 1 • 




In this type of sWal, the shell eontrfining the springs and sealing ring L 
held stationary in the annular space of the pump -housing as sketched in Fig. 40 i 
The mating ring is fasted rigidly to the shaft, usually against a shoulder, sflf'l 
that it rotates with th«s s|»U. The springs force the sealing ring against the mijj 
ing ring so leakage between the 'faces is prevented. " O " rings are used to prc&At * 
leakage between sealing jqlWg and shell and' between mating ring and shaft 



< - 

The choice of materials used for sealing and mating rings depends 
many factors such as type of liquid pumped, temperature, pump speed ancT*seal 
design, f he friction between the faces of these rings should be kept as small as 
possible. ' Materials commonly used are bronze, carbon graphite, ceramics, 
stellite and tungsten carbide. , < 

When a pump is equippedcwlth mechanical seals, the following precau- 
tions should be taken before and during operation: ^ 

1. Never run the pump unless it is completely filled with liquid. 

2. Vent all air out of the seal housings before start up. 

3. Make sure an adequate flow of quenching or cooling liquid is 
flowing to the seals. 

It is extremely important that the seals never run in dry condition be- 
cause this causes the faces to score and become grooved. Dry running seal faces 
are often indicated by a squealing sound but absence of this sound should not be ^ 
interpreted as an indication that sufficient liquid is supplied to the seals. .j> • 
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,A Ijeaking seal may be caused by : 
( 1. Seal faces that are scored or grooved. 
2 



K 

V ' * 



; Distortion of the rings due to unevenly likened bolt* of w 

the seal housing gland. ^ W . y^wtl*':'" 

3. " O " ring or other type* gaskets that are cut or nlckad dorilf * 

installation. ' 





1. Sleeve and shell bearings 

2. Ball and roller bearings 

J. Sleeve and Shell Bearings ' 

The bearings of small pumps -usually consist^ bronw bushlni* or 
sleeves fitted around the shaft with a small Clearance, . ind hold In placp by tbo 
bearing brackets attaohed to the casing. On larger pumpe the .lesvs-iypo b.arln K 
consists of two half-shells made of cast-iron or steel and Jilned with babbitt 
Fig. 47. , ' ' 

r 

This bearing is usually self-aligning so that It adjustsMtself Automatically 

to small changes in shaft position. <• • 

Sleeve and shell bearings are .usually oil-lubricated. On small b*mp» 
the oil is supplied to the bearings by drip lubricators. Medium-sUed pumps uso 
the lower part of the bearing housing as oil reservoir and the oil Is supplied to 
the bearing by endless chains or rings riding on the shaft, Fig. 47. Large pumps 
are usually equipped wltjh a shaft r driven oil pump which supplies the bearings with 
oil under pressure. 
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Self-aLigriing Shell Bearing 

Fi g; 4 ? v • 

2. Ball and Roller Bfearings ■ > 

Ball and roller bearings, also 'called anti-friction bearings have re- 
placed sleeve bearings in many modern pump designs, Bali bearir. i of single- or 
double-row design are mostly, used on small and medium sized shafts; roiief 
bearings are widely used on larger shafts. Anti-friction bearings may be lubri- 
cated either by oil or grease. Fig. 48 shows a single-stage centrifugal pump 
fitted with oil lubricated, single-row, bail bearings. 




Single-stage Centrifugal Pump with Ball Bearings 

Hg. 4H 
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Axial Thrust 



* During operation a single-inlet impeller is subjected to hydraulic forces 
which create an axial unbalance. This is illustrated in Fig. 49 which shows that 
the area of the eye of the impeller is subjected to suction pressure while the par- 
tial shroud on that side and the full-.ajini«d on the opposUce side are subjected to 
discharge pressure. The resulting imbalance causes an axial thrust towards the 
suction that tends.to move the impeller out of its proper position in the. easing. 




\ 



Fig. 49 



3IMGLE SUCTION 

IMPELLER , 

On low capacity, single-stage pumps, axial movement of the impeller 
is usually prevented by installation of a thrust bearing on the shaft. On larger 
capacity, single-stage pumps, however, -the axial imbalance is eliminated by one 
of the following methods* 

1. Single-inlet Impelleh with'baekside Wearing ring 'and balancing hales 

As shown in Fig.A48, the single-inlet impeller is equipped with a wearing 
ring on its backside with the same diameter £s the onc^on the suction side. By 
connecting the space inside this ring to *he suction sidyby means of balancing 
holes, axial balance is achieved. 

2, Double-inlet impeller 

^ By using a double-inlet impeller the 
forces on the impeller are theoretically 
balanced, as shown in Fig. 50. In practice, 
the flow to each eye is not always equal so 
a light thrust bearing is still required. 

DOUBLE SUCTION 
IMPELLER 




Fig. 50 
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3. Opposing Single-inlet Impellers 



. On multistage pumps with single-inlet impellers, the axial thrust can 
be eliminated by. the use of opposed impellers. The inlets of one Half of the 
impellers face in one dfcrceTion, the other half in opposite direction, Fig 29 and/. 
30. With this arrangement, axial thrust on the first half pi the impellers is f 
•counter-acted by the opposing axial thrust on the- second half. • / I , 

On multi-stage pumps having the single-inlet impellers all facing m one - f 
direction, the axial thrust toward ^suction end of the pump will be theoretically ! 
equal to the sum of the individual impeller thrusts. This total thrust is partially 
or fully counter-acted by one of the following hydraulic balancing devices- a 
balancing drum, a balancing d isc * or a combination of drum and disc 

\ ♦ « 

4. Balancing Drum 

A balancing drum, illustrated in Fig. 51,. is installed on the shaft between 
the last impeller and the balancing chamber which is connected to the suction side 
of the pump. The drum rotates inside the stationary member of the balancing 
device, the balancing drum head. Drum and head are separated by a small clear- 
ance allowing -some leakage from the high pressure side of the pump to the lbw 
pressure ehamber. 



Balancing Drum 




Mi *V *yf. t)n,/M . 



The drum is subjected to two forces: the discharge pressure acting on 
area B and the suction pressure acting on area C. Since the first force is greater 
than the second, an axial thrust is produced toward the discharge side of the pump 
This thru s st counter-acts the axial thrust exyrted on the impellers. 
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5, Balancing Disc 



The simple balancing disc consists of a disc mounted on, and rotating 1 
with the shaft. It is separated from Ihe balancing disc head attached to the casing 
by a small axial clearance. The leakage from the high pressure, side of ihe pump 
flows through this clearance into the low (pressure balancing chamber and from i 
there to the suction cH^the pump via a restricting orifice that normally keeps the * 
pressure in the oalancihg chamber well above the suction pressure. A simple bal- 
ancing disc is shown*'in Fig. 52. .. 



■ *i 4M -NO l'n«U|( ft 




Simple Balancing Disc 
Fig, 52 



The back ©f the disc is subjected to the balancing chamber back pressure 
while the centre part of the fqont of the disc is subjected to full discharge pressure 
and thc^ring area facing the nbad, to a pressure gradually dropping from dis- 
charge pressure to balancing chamber back pressuVe. The difference in forces 
acting on the front and back of the disc produces an axial thrust which balances 
the axial thrust on the single-inlet impellers. Whemthe thrusts are balanced, 
the clearance between disc and head will be a specific amount and the back pres- 
sure will be maintained at a specific value. 

Should, during operation, the axial thrust on the impellers increase and 
exceed the thrust acting on the disc, the shaft would move slightly over toward 
the suction side of the puntp causing the clearance between disc and head to be 
reduced. This will reduce the liquid leakage resulting in a drop in back pressure 
on the disc w hich, in turn, causes the thrupt on the disc to increase s6 that it 
moves away from the head, increasing the clearance again. The increased leak- 
ago builds up the back pressure again until an equilibrium in thrusts is reached. ^ 
The pppostte will happen. when the thryst on the impellers decreases below that on 1 
the disc. * ' { 



t 
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..-While the balancing drum provides only counter-thrust, the balancing 
disc provides not^nly counter-thrust but It also restores automatically, the posi- 
tion of shaft andlmpellers if it changes position due to variations in axial thrust. 
The use of a simple balancing Wise, however, has certain dfeadvantages an^it Is' 
therefore seldom used. Most multi-stage pumps are now equipped with a combina- 
tion of balancing drum, and disc, 'this combination has all the advantages ot both 
hydraulic devices without any of their disadvantages. 

PUMP lAllVES 

Pumps may be driven by any type of prime mover. Mast pumps in power 
plants, industrial plants, and commercial buildings are driven by electric motors. 
Steam turbines are also favored In many plants, but internal combustion engines 
such as gas turbines and gasoline, natural gas and diesel engines are also used for 
specific applications. $ 

Electric Motors 

The electric motor provides the simplest arrangement for a pump drive, 
It can be directly connected to centrifugal and rotary pumps while reciprocating 
pumps usually require some type of speed reduction such as V-belt or^gear drive. 

The most common type of motor used is the squirrel-cage induction 
motor. It operates at a nearly constant speed. The synchronous motor is often 1 
used for large capacity pumps. This motor also operates at constant speed. 
Where control of pump output by speed variation is required, a wpund rotor in- 
duction motor is used. Speed variation over a wide range can be provided by the 
use of a constant speed motor driving the pump by means of a variable speed fluid 
or magnetic coupling. 

Steam Turbines 

Steam turbines are often used to drive centrifugal Jmmps and occasionally 
rotary pumps. They are directly connected to the pumps. The use of a steam % 
turbine has the advantages of simple, wide range speed control and the possibility 
of the economical use of its exhaust steam for process or feedwater heating. 



> 
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Internal Combustion Engines 

Internal combustion engines are frequently used to drive portable pumps 
and emergency fire pumps. Gas turbines are seldom used to drive pumps in power 
and industrial plants, but they are usecVTor special services such as driving the 
pumps in crude oil pipeline pressure bcroster stations. 

PRIMING OF PyMPS ' /• . 

s 

The term "priming M , as used in connection with pumps, simply means 
the filling of pump casing and suction line with the liquid to be pumped* before 
the pump is started. \ 

j 

Positive displacement pumps - teciproGating and rotary are self-priming 
^Htor total suction lifts up to about 8 metres at sea level when i,n perfect condition.. 
But with long suction lines, high lifts, or p#oV mechanical condition, they must 
be primed. ; 

Centrifugal pumps are not self-priming. They must be primed before 
start-up otherwise the impeller will dimply churn air and no suction will be 
produced. Also, when the pump is started without proper priming, the mechani- 
cal seals will run dry causing the seal faces to score or, if stuffing boxes are 
used, shaft. and packing rings may suffer. Some of the methods used to prime a 
centrifugal pump are shown in Fig. 53. . ^ 
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During priming ot a centrifugal pump, keep the discharge valve closed. 
When the pump is below ^the source of supply ( pump has suction head ), Fig, 53 A f 
open the air vent pet cocks on the pump casing and slowly open'the suction valve. 
The incoming liquid forces the air out of the casing. When the liquid appears 4 
through the vents, they can be closed. The pump is (hen primed and ready to be 
started, 

^ When the pump is located above the source of*>uiiply, ( pump has suction 
lift ),, various methods of priming can be used. The suction Une should be equipped . 
wlflva foot valve, a flap-type valve attached to the lowest part of the suction line 
acting as a check valve. The valve allows the liquid to enter the line but prevents 
it from draining out of the .line. * 
4 * 
Fig. 53 13 shows how the pump can be primed by filling suction line and. 
casing with liquid supplied through a bypass around the discharge valve. Vents 
are kept open until the liquid escapes. In C, suction line and casing are filled by 
liquid supplied through an auxiliary line, In I), a separate priming pump is used, 
to draw the air from the casing, creating a vacuuhi which draws the liquid uv 
through the foot valve. .The same can be achieved by the use ol an ejector as « 
shown in F ■ 



CAPACITY REGULATION OF PUMPS V 



Reciprocating and rotary pumps are classified as positive displacement 
pumps which means tliat, at a constant speed, they move a specific amount ol 
liquid regardless o[i5ump head. The capacity of these pumps is usually regulated 
by varying their sp((cd.c The capacity of centrifugal pumps, however,, changes 
when the pump head is clhanged, hence, this pump is not a positive displacement 
pump. When the head is\ increased, the capacity of the pump decreases. and when 
the head is lowered, thy capacity increases. When the head is increased so much 
that it exceeds the design. head of the pump, the output cirops to zero. 

The capacity of a centrifugal pump can be regulated by varying the speed 
but this requires a pump driver capable of varying its speed ( steam turbine, 
internal combustion engine, etc. ). Most Centrifugal pumps, however, life driven 
by an electric motor, a constant speed driver. 

When driver^y an electric motor, the capacity ..of the most common 
eentrifugal'pump-the radial flow type ( volute and diffuser pump ) can be. regulated 
by adjusting the discharge valve. Throttling the discharge valve increases the 
flow resistance, thus enlarging the, friction head, and the flow will be reduced. 
The discharge pressure -of the pump will increase moderately, but not enough to 
• ♦ ty 
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endanger, the pump. as with positive displacement pumps;; Even wiUi the discharge 
valve completely, closed ,Hh<3 pressure increase will be'weir withln'safe- limits' 

When the flow is throttled, the power requirement of tho^adial 'flow., 
'centrifugal pump is also reduced notwithstanding ;the resulting pressure increase. 
'Advantage is taken of this fact by starting large, electrical motor-driven centri- 
fugal pumps, with closed discharge.' Since the no-flow power requirement is. re'^ 
latively small, excessive power surging during start-up can be avoided; v 

'The power' requirement of axial and mixed flow centrifugal pumps,' when • 
operated at low capacBy^_is actually higher than at 'full capacity, "these pumps 
should always be. started /wfth the discharge valve wide open. 

Cafltlon . ., 

1. Never run a centrifugal pump continuously with the discharge valve 
completely closed. The mechanical power applied tip the impeller 
is dispelled as friction to the water trapped and churned about in 
the casing. This friction causes overheating of the water to the 
point where it turns into steam which may result in damage to the 
pump. 1 

2; Always operate a centrifugal pump with. its suction valve wide open. 
Never. use it for .flow control. Throttling or closing of this valve 
stages the impeller of i<;s, water supply, the casing becomes partially 
•empty resulting in excessive vibrations which may ruin the bearings. 
The lack of liquid may ajso, damage mechanical seals and stuffing 
boxes. ' • ..' 

GKNEItAXt' STARTING PROCEDURE FOR CENTRIFUGAL PUMPS ...A 

4 

1. Check oil level in bearing housings if pump' is equipped for oil . 
lubrication. \j 

2< r I\irn on cooling water for pump bearings, stuffing boxes and . . ; 

mechanical seals, it these parts are water cooled. 

3. Open suction valva and close the discharge valve depending on 
method to be followedior pump. ^ . , 

4, Clwe all drains in casing/ suction and discharge piping, , 
5/ Prime the pump. '• > « 
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' 6. Start pump and)*rhig it up to speed. > ' ^P" 

' 7 ^ If pump is starred with closed discharge valve, open this valve 
slowly, , ' / 

• • .X ^ J 

8. Chdck leakage from stuffing boxes, " * 
' • . .. s . > 

9. Adjust pealing liquid to stuffing boxes as required. 

10, Checky^l' rings on sleeve bearings. They must turn freely. 

. IT. ^heck suction and discharge pressures. , 

. j 

. 12. Heel pump bearings for overheating. 

\J ■ ' 

w In case of a new pump being started for the firU time, or a pump being 

started after an overhaul, the following items-Should be checked in addition to the 
above items: 

1. Pump rotor should turn freely. *> y 

, 2. The alignment of pump and driver before pump is started and flf?! 
again after operating temperature is reached. . 

3. Direction of rotation of-driving motor. 



General Stopping Procedure 

\ 

1 # Close discharge vatve slowly ( large radial flow centrifugal pumps ). # 
2. Stpp pump driver. * y % 

■ . 3 # Shut 'off cooling water. 
4. Close suction valve. 

4 * " *• • 

^ ^ « * I. * .« 

CODE REQUIREMENTS FOR BOILER FEEDWATER PJJMPS • ' • 

. : ,. In paragraphs PG 61.1 and PC 61. 2 of Section I of the A, 8. M. E. Code 
it is stated {.hat boilers having more than 4*7 m 2 ( £00 square feet ) of water heat-' 

,ing surface shall have at least two means>Of feeding water, and each source of , r 
feeding shall be capable of supplying water to the boiler at a pressure of 3% 
higher t^anythe highes't setting of any safety valve^ofc'the^oiler. It is also stated, 

Hhat for -boilers with solid fuel not in suspension and boilers whose setting or heat 
source can continue to supply sufficient heat to cause damage to the boiler if the 
feed supply is interrupted, one of the means Of feeoMng shall be steam driven. 
•However, boilers fired by gaseous liquid, or solid fuel in suspension may be 
equipped with a single means of feeding water, provided the heat input can be 
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shut off prior to the water dropp^ ;o the lowest permissible water level ■'" 

■ ■' : ' . - : -i " .. 

The most common arra^e-em in power and industrial plant? is to use two 
centrifugal pumps, each capable U auppiying the boilers with the full fCedwater re- : < 
quirement.- While one pump is ix aeration, the other* is .kept op stand-by A basic 
diagram of a boiler feedwater su^ system, with two centrifugal pumps in parallel , : 
and the necessary piping and vah^ ^ shown in Fig. 54; , - . • " "'l 
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The pumps are supplied ufch water' through a commbn suction line from 
either a deaerator ( suction head), or a hot well (suction lift). Kach pump is 
equipped with a bypass from discharge to suction or to source of /supply to provide 
sufficient flow through the pump to prevent overheating when it is operated at. low " 
load. , , 

INJECTORS 

The Injector is a device used to feed water into a'steam boiler under 
pressure. It is occasionally used in small plants as the secondary means of feed- 
ing water instead of a pump since the device is quite simple and relatively cheap 
A cross-section of an Injector is illustrated in Fig. 55 and the description of its ' 
operation follows. 
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Steam 



Water 
Supply; 



, Steam at boiler«preSsure enters 
nozzle K» While passing through 
the nozzle, the steam drops in 
pressure-, expands and attains a 
high velocity. This jet of high 
velocity steam* then enters the 
suction nozzle S and, in doing so, 
it draws the air out of the suction- 
chamber Y, creating a vacuum. 
This vacuum, 'in turn, causes the 
water to be drawn from the source 
of supply via the chamber into the 
suction nozzle. As the 1 steam and 
water mix in this nozzle, the 
steam condenses, thus increasing 
the vacuum. It also imparts its. 
velocity, to the water. The con- * 
densed steam and water pass 
next'into the combining and "deli- 
very hozzle/B. Here the velo- 
city is converted into a pressure 
high enough -to force the water in- 
to the boiler. * 

VVHen the injector is first put into 
operation, it needs time, to estab- 
lish the proper jet flow and dis- 

lift.. V water is discharged via check valve Vio^ZrZ^oZ T 
flows, to <he .oner, ihe check va.ve c.ose, and'the ZZT^^ZI^ ' 
» .s « upwards sealing ihe opening between nobles S and D, p^l?* ! 
from thc^wor injector Itouslng to be drawn into the nox,,.le. pre ^ tln 8 

jfe a boiler feedwater device the injector is not very practical ,L„ i, 
opennesses, efficiently at.fu.1 capacity only. Af reduced flows it is d.f £uU o 
control f dtecomes unrel.able. It is also unable to hand.e hot » S ' 
;: ( #| flaSh lht °- Ste 7 vacuum in Xhe suction chambe ' d uc „„ 

s ;„ 3 " ea8 ° nS ' « ™*< peep ' 




Steam-Operate/:! Injector 
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.. . - QUESTION SHEET - 

_ ... Engineering ' * . ' * ■ 

~* T 7^ Tjfrd Glass 

* Sect. 3. Lect. 6 

/ 1 1 1 * 1 II ", .... 

4. a ) Define pump head ajid list all components comprising pump 
head, • 

b) What is cavitation? ' 

"c )' Define the term " Net positive suction head ". ' / "• ' 

■ , • * . ' ■ ' ■ - ' • 
2.. a ) Explain with the aidof a basic sketch, the apeWtlng principle" 

of a reciprocating, double-acting/piston pump. 

■ b ) Explain why a relief valve is necessary on the discharge of a 
power driven reciprocating pump, but not on the discharge of 
a steam driven pump. V 

a. Describe briefly the steps Involved In setting the slide valves of a 
, duplex pump. * 

if * ' ' ' 

* \ 

. 4. 'a ) Explain with the aid of a simple sketch, the eperating principle 
■ * of a volute centrifugal pump. 

b ) What Is the structural and operational difference between a 
solute and diffuser centrifugal pump? 




5. a y Explain why a radial flow centrifugal pump should not be run 
for-an extended period of time with its discharge valve closed. 

, b ) Why should the output of this pump never be regulated by 
throttling the. suction valve? 

c ) What is' a multi-stage pump and why is it used? 

6. a ) List two reastos for th^ use of wearing rings in centrifugal 

4 pumps. 

b ) What is the purpose of shaft sleeves ? 

c ) Give two reasons for the use of lantern rings in stuffing boxes. 

7. a ) Describe briefly the difference between a rotating mechanical 

seal and a stationary mechanical seal. * 

b ) List tMfe precautions to be taken In regard to mechanical seals. 

( see over ) 
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Question Sheet - continued 



v 8. a ) What causes axial thrust in a centrifugal pump? 

b ) Name the various methods used to counter-act axial thrust. 

9. Describe the step-by-step procedure of starttrf^ a large centrifugal 
pump equipped with stuffing boxes and water cooled, oil lubricated 
bearings, jf 

r 

10. Make a basic sketch of a turbine pump and explain briefly Its 
operating principle. . 



F 
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